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(54) DISTORTION GOMENSATING DEVICE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To correct the magnitude of a distortion compensation coefficient 
beforehand while maintaining its phase so that a transmission signal subjected to distortion 
compensation can not exceed the dynamic range (DA converter limit)' of a DA converter. 
SOLUTION: When distortion compensation is performed by using a distortion compensation 
coefficient hn+1 (p) before the coefficient hn+1 (p) is operated and stored in a distortion 
compensation coefficient storing part 22 in a distortion compensation coefficient operating part 27. 
a comparing part 29 checks whether a signal x(t)*hn-i-1(p) obtained by distortion compensation 
surpasses the limit of a DA converter 24 beforehand, and when it surpasses the limit, a distortion 
compensation coefficient correcting part 30 corrects the distortion compensation coefficient so as 
to make its magnitude small while maintaining the its phase and stores the corrected coefficient to 
the storing part 22. . 
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CLAIMS 



[Claim(s)] 

[Claim 1] The memory which the distorted compensation multiplier for compensating distortion of transmitted power 
amplifier is made to correspond to the power of a sending signal, and memorizes it. The PURIDISU torsion section 
which performs distorted compensation processing to a sending signal using the distorted compensation multiplier 
according to the power of a sending signal, The DA converter which changes into an analog signal the digital sending 
signal to which distorted compensation processing was performed, and is inputted into transmitted power amplifier. 
The distorted compensation multiplier operation part which calculates a distorted compensation multiplier based on 
the sending signal before distorted compensation, and the feedback signal fed back from the output side of 
transmitted power amplifier, In the distorted compensator equipped with the renewal section of a distorted 
compensation multiplier which updates the distorted compensation multiplier memorized by memory by the 
calculated distorted compensation multiplier So that the sending signal to which distorted compensation processing 
was performed may not exceed the dynamic range of said DA converter It is the distorted compensator which is 
equipped with the distorted compensation multiplier amendment section which amends the distorted compensation 
multiplier calculated by said distorted compensation multiplier operation part, and is characterized by said renewal 
section of a distorted compensation multiplier updating the distorted compensation multiplier memorized by said 
memory by said amended distorted compensation multiplier. 

[Claim 2] The memory which the distorted compensation multiplier for compensating distortion of transmitted power 
amplifier is made to correspond to the power of a sending signal, and memorizes it. The distorted compensation 
multiplier hn (p) according to the power of a sending signal x (t) is read from memory. The PURIDISU torsion section' 
which performs distorted compensation processing to a sending signal using this distorted compensation multiplier, 
The DA converter which changes into an analog signal the digital sending signal to which distorted compensation 
processing was performed. The distorted compensation multiplier operation part which calculates distortion 
compensation multiplier hn+1(p) based on the sending signal before distorted compensation, and the output signal of 
transmitted power amplifier, In the distorted compensator equipped with the renewal section of a distorted 
compensation multiplier which updates a distorted compensation multiplier by making calculated distortion 
compensation multiplier hn+1(p) correspond to the power of a sending signal x (t), and memorizing in said memory 
Before memorizing distortion compensation multiplier hn+1(p) calculated by distorted compensation multiplier 
operation part in said memory this distorted compensation multiplier hn+ — the comparator which is outputted from 
the PURIDISU torsion section by the distorted compensation processing using 1 (p), and compares the power Pa of 
a sending signal with the setting upper limit power Pmax — It has the distorted compensation multiplier amendment 
section which amends distortion compensation multiplier hn+l(p) so that this sending-signal power Pa may become 
below the upper limit power Pmax. Said renewal section of a distorted compensation multiplier The distorted 
compensator characterized by updating a distorted compensation multiplier by memorizing amended distorted 
compensation multiplier hn+1(p) * in said memory when the power Pa of a sending signal is larger than said upper 
limit power Pmax. 

[Claim 3] 1/m m2, then said distorted compensation multiplier amendment section are a distorted compensator 
according to claim 2 characterized by outputting amended distorted compensation multiplier hn+1(p) ' by carrying 
out about distortion compensation multiplier hn+l(p) in the ratio of the power Pa of a sending signal, and the setting 
upper limit power Pmax to which said distorted compensation processing was performed. 

[Claim 4] Said renewal section of a distorted compensation multiplier is a distorted compensator according to claim 
3 characterized by what a distorted compensation multiplier is updated for by memorizing said amended distorted 
compensation multiplier hn+1(p) ' in said memory, if the power Pa of a sending signal is smaller than said upper limit 
power and the power Pa of a sending signal Is larger than said upper limit power in said calculated distortion 
compensation multiplier hn+1(p). 

[Claim 5] When said distorted compensation multiplier amendment section subtracts the 1/n (=hn+1(p)/n) from 
calculated distortion compensation multiplier hn+1(p) and a distorted compensation multiplier is amended, a degree 
type — the minimum integer N with which are satisfied of n<=hn+l(p)/deltahn+1(p) <=2N — asking — distorted 
compensation multiplier hn+ — the distorted compensator according to claim 2 characterized by performing the 
operation of 1/n of 1 (p) by the shift operation of N bit. however, deltahn+ — 1 (p) — a degree type — hn+l(p) =hn 
(p)+deltahn+ — it Is the value with which are satisfied of 1 (p). 

[Claim 6] The memory which the distorted compensation multiplier for compensating distortion of transmitted power 
amplifier is made to correspond to the power of a sending signal, and memorizes it. The PURIDISU torsion section 



which performs distorted compensation processing to a sending signal using the distorted compensation multiplier 
according to the power of a sending signal, The DA converter which changes into an analog signal the digital sending 
signal to which distorted compensation processing was performed, and is inputted into transmitted power amplifier. 
The distorted compensation multiplier operation part which calculates a distorted compensation multiplier based on 
the sending signal before distorted compensation, and the feedback signal fed back from the output side of 
transmitted power amplifier, In the distorted compensator equipped with the renewal section of a distorted 
compensation multiplier which updates the distorted compensation multiplier memorized by memory by the 
calculated distorted compensation multiplier The maximum distortion compensation multiplier output section which 
outputs the square value of maximum distortion compensation multiplier h(p) MAX which can be found from the 
setting upper limit power Pmax and the power of a sending signal x (t). When distortion compensation multiplier hn+1 
(p) calculates in said distorted compensation multiplier operation part. So that the square value of the comparator 
which compares square value |hn+1(p) |2 of this distorted compensation multiplier with the size of square value |h(p) 
MAX|2 of said maximum distortion compensation multiplier, and said distorted compensation multiplier may become 
smaller than the square value of a maximum distortion compensation multiplier It is the distorted compensator 
carried out [ that have the distorted compensation multiplier amendment section which amends a distorted 
compensation multiplier, and said renewal section of a distorted compensation multiplier updates the distorted 
compensation multiplier memorized by said memory by said amended distorted compensation multiplier when the 
square value of said distorted compensation multiplier is larger than the square value of a maximum disitortion 
compensation multiplier, and ] as the description. 

[Claim 7] Said maximum distortion compensation multiplier output section is a distorted compensator according to 
claim 6 characterized by having the table which is made to correspond to the power of a sending signal x (t), and 
memorizes the square value of maximum distortion compensation multiplier h(p) MAX, and outputting in quest of the 
square value of maximum distortion compensation multiplier h(p) MAX from this table. 

[Claim 8] said calculated distorted compensation multiplier hn+ — the ratio of the power Pa of a sending signal, and 
the setting upper limit power Pmax outputted from the PURIDISU torsion section by the distorted compensation 
processing using 1 (p) — m2, then said distorted compensation multiplier amendment section — distorted 
compensation multiplier hn+ — the distorted compensator according to claim 6 characterized by amending by 1/m 
carrying out 1 (p). 

[Claim 9] If square value |hn+1(p) |2 of a distorted compensation multiplier are smaller than square value |h(p) MAX|2 
of a maximum distortion compensation multiplier as for the renewal section of a distorted compensation multiplier 
Update a djstorted compensation multiplier by memorizing said amended distorted compensation multiplier hn+1(p) 
' (=hn+l(p)/m) in said memory, if the square value of a distorted compensation multiplier is larger than the square 
value of a maximum distortion compensation multiplier in said calculated distortion compensation multiplier hn+1(p).^ 
The distorted compensator according to claim 6 characterized by things. 

[Claim 10] When said distorted compensation multiplier amendment section subtracts the 1/n (=hn+1(p)/n) from 
calculated distortion compensation multiplier hn+1(p) and a distorted compensation multiplier is amended, a degree 
type — the minimum integer N with which are satisfied of n<=hn+1(p)/deltahn+1(p) <=2N — asking — distorted 
compensation multiplier hn+ — the distorted compensator according to claim 6 characterized by performing the 
operation of 1/n of 1 (p) by the shift of N bit. however, deltahn+ — 1 (p) — a degree type — hn+1(p) =hn(p) 
+deltahn+ — it is the value with which are satisfied of 1 (p). 

[Claim 11] The memory which the distorted compensation multiplier for compensating distortion of transmitted 
power amplifier is made to correspond to the power of a sending signal, and memorizes it. The PURIDISU torsion 
section which performs distorted compensation processing to a sending signal using the distorted compensation 
multiplier according to the power of a sending signal, The DA converter which changes into an analog signal the 
digital sending signal to which distorted compensation processing was performed, and is inputted into transmitted 
power amplifier. The distorted compensation multiplier operation part which calculates a distorted compensation 
multiplier based on the sending signal before distorted compensation.' and the feedback signal fed back from the 
output side of transmitted power amplifier. In the distorted compensator equipped with the renewal section of a 
distorted compensation multiplier which updates the distorted compensation multiplier memorized by memory by the 
calculated distorted compensation multiplier Distortion compensation multiplier hn+1(p) is amended so that the 
power of the sending signal when performing distorted compensation processing to a sending signal x (t) using 
distortion compensation multiplier hn+1(p) calculated by distorted compensation multiplier operation part may 
become [ Pa ] smaller than the setting upper limit power Pmax. When the power Pa of the sending signal by which 
amended this distorted compensation multiplier hn+1(p) ' was made to correspond to the combination of |x(t) |2 and 
hn+1(p), and memorized, and distorted compensation was carried out is smaller than the upper limit power Pmax. 
Distortion compensation multiplier hn+1(p) is remained as it is. It has |x(t) |2 and the table which is made to 
correspond to the combination of hn+1(p) and is memorized. Distortion compensation multiplier hn+1(p) which said 
renewal section of a distorted compensation multiplier calculated when a distorted compensation multiplier 
calculated by said distorted compensation multiplier operation part, The distorted compensator characterized by 
asking for the distorted compensation multiplier according to the combination of power |x(t) |2 of a sending signal x 
(t) from said table, and memorizing this distorted compensation multiplier in said memory. 

[Claim 1 2] The memory which the distorted compensation multiplier for compensating distortion of transmitted 
power amplifier is made to correspond to the power of a sending signal, and memorizes it, The PURIDISU torsion 
section which performs distorted compensation processing to a sending signal using the distorted compensation 
multiplier according to the power of a sending signal, The DA converter which changes into an analog signal the 



digital sending signal to which distorted compensation processing was performed, and is inputted into transmitted 
power amplifier, The. distorted compensation multiplier operation part which calculates a distorted compensation 
multiplier based on the sending signal before distorted compensation, and the feedback signal fed back from the 
output side of transmitted power amplifier, In the distorted compensator equipped with the renewal section of a 
distorted compensation multiplier which updates the distorted compensation multiplier memorized by memory by the 
calculated distorted compensation multiplier The distorted compensation multiplier hn (p) is amended so that the- 
power Pa of the sending signal when performing distorted compensation processing to a sending signal x (t) using 
the distorted compensation multiplier hn (p) calculated by distorted compensation multiplier operation part may 
become smaller than the setting upper limit power Pmax. When the power Pa of the sending signal by which 
distorted this compensation multiplier [ which was amended ] hn (p) ' was made to correspond to the combination of 
|x(t) |2 and hn (p), and memorized, and distorted compensation was carried out is smaller than the setting upper limit 
power Pmax, It has the table which the distorted compensation multiplier hn (p) is made to correspond to the 
combination of |x(t) |2 and hn (p), and memorizes it as it is. The distorted compensation multiplier hn (p) 
corresponding |x(t) |2 to the power of a sending signal x (t) is read from said memory. | The distorted compensator 
characterized by reading the distorted compensation multiplier according to the combination of x(t) |2 and the 
distorted compensation multiplier hn (p) from said table, and inputting into the PURIDISU torsion section. 
[Claim 13] Claim 1 characterized by having the frequency multiplex section which performs and carries out multiplex 
[ of the digital frequency shift operation decided by carrier spacing ] to each digital sending signal, and inputting into 
the PURIDISU torsion section, distorted compensation multiplier operation part etc. by making this frequency 
multiple signal into a sending signal x (t), claim 2, or a distorted compensator according to claim 6, 1 1, or 12. 
[Claim 14] The memory which the distorted compensation multiplier for compensating distortion of transmitted 
power amplifier is made to correspond to the power of a sending signal, and memorizes it. Read the distorted 
compensation multiplier according to the power of a sending signal from memory, and distorted compensation 
processing is performed to a sending signal using this distorted compensation multiplier. The error signal generating 
section which outputs the error signal which is a difference with the sending signal before performing distorted 
compensation processing with the sending signal obtained by performing distorted compensation processing. The DA 
converter which changes and outputs this error signal to an analog, the synthetic section which adds a DA 
converter output to the sending signal of an analog, and is inputted into transmitted power amplifier, The distorted 
compensation multiplier operation part which calculates a distorted compensation multiplier based on the sending 
signal before distorted compensation, and the output signal of transmitted power amplifier. In the distorted 
compensator equipped with the. renewal section of a distorted compensation multiplier which updates a distorted 
compensation multiplier by making the calculated distorted compensation multiplier correspond to the power of a 
sending signal, and memorizing it in said memory So that an error signal may not exceed the dynamic range of said 
DA converter It is the distorted compensator which is equipped with the distorted compensation multiplier 
amendment section which amends the distorted compensation multiplier calculated by said distorted compensation 
multiplier operation part, and is characterized by the renewal section of a distorted compensation multiplier updating 
a distorted compensation multiplier by memorizing said amended distorted compensation multiplier in said memory. 
[Claim 15] The memory which the distorted compensation multiplier for compensating distortion of transmitted 
power amplifier is made to correspond to the power of a sending signal, and memorizes it, Read the distorted 
compensation multiplier according to the power of a sending signal from memory, and distorted compensation 
processing is performed to a sending signal using this distorted compensation multiplier. The error signal generating 
section which outputs the error signal which is a difference with the sending signal before performing distorted 
. compensation processing with the sending signal obtained by performing distorted compensation processing. The DA 
converter which changes and outputs this error signal to an analog, the synthetic section which adds a DA 
converter output to the .sending signal of an analog, and is inputted into transmitted power amplifier, The distorted 
compensation multiplier operation part which calculates a distorted compensation multiplier based on the sending 
signal before distorted compensation, and the output signal of transmitted power amplifier. In the distorted 
compensator equipped with the renewal section of a distorted compensation multiplier which updates a distorted 
compensation multiplier by making the calculated distorted compensation multiplier correspond to the power of a 
sending signal, and memorizing it in said memory Before memorizing distortion compensation multiplier hn+1(p) 
calculated by distorted compensation multiplier operation part in said memory this distorted compensation multiplier 
.hn+, when the comparator which compares square value |hn+1(p) |2 of 1 (p) with square value |h(n) MAX|2 of a 
setting maximum distortion compensation multiplier, and |hn+1(p) |2 are larger than |h(n) MAX|2 It has the distorted 
compensation multiplier amendment section which amends distortion compensation multiplier hn+Kp). Said renewal 
section of a distorted compensation multiplier If hn+1(p) |2 are smaller than |h(p) MAX|2, | Said calculated distorted 
compensation multiplier | The distorted compensator characterized by what a distorted compensation multiplier is 
updated for by memorizing said amended distorted compensation multiplier in said memory If hn+l(p) |2 are larger 
than |h(p) MAX|2. 

[Claim 16] 1/m m2, then said distorted compensation multiplier amendment section are a distorted compensator 
according to claim 15 characterized by outputting amended distorted compensation multiplier hn+Kp) ' by carrying 
out about distortion compensation multiplier hn+Kp) in the ratio of aforementioned |hn+1(p) |2 and |h(n) MAX|2. 
[Claim 17] The memory which the distorted compensation multiplier for compensating distortion of transmitted 
power amplifier is made to correspond to the power of a sending signal, and memorizes it. Read the distorted 
compensation multiplier according to the power of a sending signal from memory, and distorted compensation 
processing is performed to a sending signal using this distorted compensation multiplier. The error signal generating 



section which outputs the error signal which is a difference with the sending signal before performing distorted 
compensation processing with the sending signal obtained by performing distorted compensation processing. The DA 
converter which changes and outputs this error signal to an analog, the synthetic section which adds a DA 
converter output to the sending signal of an analog, and is inputted into transmitted power amplifier, The distorted 
compensation multiplier operation part which calculates a distorted compensation multiplier based on the sending 
signal before distorted compensation, and the output signal of transmitted power amplifier, In the distorted 
compensator equipped with the renewal section of a distorted compensation multiplier which updates a distorted 
compensation multiplier by making the calculated distorted compensation multiplier correspond to the power of a 
sending signal, and memorizing it in said memory Distortion compensation multiplier hn+1(p) is amended so that the 
square value of distortion compensation multiplier hn+1(p) calculated by distorted compensation multiplier operation 
part may become smaller than square value |h(n) MAX|2 of a setting maximum distortion compensation multiplier. It 
has the table which amended this distorted compensation multiplier hn+l(p) * is made to correspond to hn+1(p), and 
memorizes it. When a distorted compensation multiplier calculates by said distorted compensation multiplier 
operation part, said renewal section of a distorted compensation multiplier asks for correction value hn+1(p) ' of a 
distorted compensation multiplier according to calculated distortion compensation multiplier hn+1(p) from said table. 
The distorted compensator characterized by memorizing this correction value hn+l(p) ' in said memory. 
[Claim 18] The memory which the distorted compensation multiplier for compensating distortion of transmitted 
power amplifier is made to correspond to the power of a sending signal, and memorizes it, Read the distorted 
compensation multiplier according to the power of a sending signal from memory, and distorted compensation 
processing is performed to a sending signal using this distorted compensation multiplier. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] It is involved in a distorted compensator and this invention is (1) especially. The distorted 
compensator and (2) flattery actuation can be made to perform about a phase even when control exceeding the 
output possible range becomes performed, amplitude limiting is performed and amplitude limiting is performed 
Control the signal amplitude fed back from transmitted power amplifier, limiting value is made not to exceed, and it is 
related to a distorted compensator [ enabled it / to carry out distorted compensation to stability ]. 
[0002] 

[Description of the Prior Art] A frequency resource is tight in recent years, and many high efficiency transmissions 
by digitization have come to be used in radio. The technique of straight-line-izing a transmitting side, especially the 
magnification property of power amplifier, stopping non-******, and reducing adjacent channel leakage power when 
applying multiple-value amplitude modulation to radio . is important, and when aiming at improvement in power 
efficiency using the amplifier inferior to linearity, the technique of compensating distorted generating by it is 
indispensable. 

[0003] Drawing 45 is the block diagram showing an example of the sending set in the conventional walkie-talkie, the 
sending-signal generator 1 sends out a serial digital data train, and the serial/parallel-conversion machine (S/P 
transducer) 2 distributes 1 bit of digital data trains by turns [ each ], and it changes it into two sequences of an 
inphase component signal (I signal: In-phase component) and an orthogonal component signal (Q signal: Quadrature 
component). DA converter 3 changes each of an I signal and a Q signal into the baseband signaling of an analog, and 
inputs it into the quadrature modulation machine 4. The quadrature modulation machine 4 carries out the 
multiplication of the inputted I signal and the signal which carried out the 900 phase shifts of this to the criteria 
subcarrier at the Q signal (transmitting baseband signaling), respectively, and outputs by performing orthogonal 
transformation by adding a multiplication result. A frequency converter 5 mixes and carries out frequency 
conversion of a quadrature modulation signal and the local oscillation signal, and the transmitted power amplifier 6 
carries out power amplification of the subcarrier outputted from the frequency converter 5, and it emits it in the air 
from aerial (antenna) 7. 

[0004] mobile communication, such as W-CDMA and PDC (Personal Digital Cellular). — setting — the transmitted 
power of a sending set — lOmW- several — it is as large as W, and the input-output behavioral characteristics 
(distorted function f (p)) of transmitted power arhpiifier turn into nonlinearity, as the dotted line of drawing 46 (a) 
shows. Nonlinear distortion occurs with these non-linear characteristics, as shown in the continuous line of drawing 
46 (b), a side lobe is raised, and it reveals to an adjacent channel, and the frequency spectrum of the transmit- 
frequencies fO circumference produces contiguity active jamming. That is, the power which a transmission wave 
reveals to a contiguity frequency channel as nonlinear distortion shows to (b) will become large. Leakage power is 
explained as ACPR (Adjacent Channel Power Ratio). ACPR is the ratio of the contiguity leakage power which leaks 
to the adjacent channel between dashed-Iine A of (b), the power of the view channel which is the spectrum area 
between dashed-line A', dashedHine A and A\ and two-dot chain line B and B' and which is the area of spectrum. 
Such leakage power will become a noise to other channels, and will degrade the communication link quality of the 
channel. Therefore, it is specified severely. 

[0005] In the line type field (refer to drawing 46 (a)) of power amplifier, leakage power is small and becomes large in 
a nonlinear field. So, in order to consider as the transmitted power amplifier of high power, it is necessary to make a 
linearity field large. However, for that, the amplifier beyond actually required capacity is needed, and there is a 
problem which becomes disadvantageous in cost and equipment size. Moreover, it is low as the usual amplifier 
shows the power load effectiveness in a linearity field to drawing 47 . It is the part from which the difference (Pout- 
Pin) of the output power Pout and input power Pin to the rated power of amplifier is (%) comparatively, and power 
load effectiveness becomes heat here. Therefore, big power consumption is needed for obtaining required 
transmitted power, and it is very disadvantageous also in power efficiency. Therefore, in order to press down power 
consumption low, use in the nonlinear field of amplifier is indispensable. However, distortion will increase as 
mentioned above and ACPR will be degraded. It is the radio equipment with a distorted compensation function 
(linear riser) which compensates distortion of transmitted power to this situation, and realizes use of the amplifier in 
a field with sufficient power load effectiveness. A clinical recording JIAN loop-formation method, a Poral loop- 
formation method, etc. are proposed as a distorted compensation technique of a feedback system, and distorted 
oppression of power amplifier is performed. 



[0006] Drawing 48 is the block diagram of the sending set equipped with the digital nonlinear distorted compensation 
function in which DSP was used. The digital data group (sending signal) sent out from the sending-signal generator 1 
is inputted into the distorted compensation section 8 which is changed into two sequences of an I signal and a Q 
signal in the S/P converter 2. and consists of DSPs. Distorted compensation multiplier storage section 8a which 
memorizes distorted compensation multiplier h (pi) according to the power level 0-1023 of a sending signal x (t). and 
(i=0-1023) as the distorted compensation section 8 is functionally shown in drawing 49 , PURIDISU torsion section 
8b which performs distorted compensation processing (PURIDISU torsion) to this sending signal using distorted 
compensation multiplier h (pi) according to sending-signal level. Recovery signal (feedback signal) y (t) to which it 
restored with the sending signal x (t) and the rectangular wave detector mentioned later is compared, and it has 
distorted compensation multiplier operation part 8c which calculates and updates distorted compensation multiplier 
h (pi) so that the difference may serve as zero, 

[0007] The distorted compensation section 8 performs PURIDISU torsion processing to this sending signal using 
distorted compensation multiplier h (pi) according to the power level of a sending signal x (tX and Inputs it into DA 
converter 3. DA converter 3 changes into the baseband signaling of an analog the I signal and Q signal which were 
inputted, and inputs them into the quadrature modulation machine 4. The quadrature modulation machine 4 carries 
out the multiplication of the inputted I signal and the signal which carried out the 900 phase shifts of this to the 
criteria subcarrier at the Q signal, respectively, and outputs by performing orthogonal transformation by adding a 
multiplication result. A frequency converter 5 mixes and carries out frequency conversion of a quadrature 
modulation signal and the local oscillation signal, and the transmitted power amplifier 6 carries out power 
amplification of the carrier signal outputted from the frequency converter 5, and it emits it in the air from aerial 
(antenna) 7. 

[0008] A part of sending signal is inputted into a frequency converter 10 through a directional coupler 9, frequency 
conversion of it is carried out here, and it is inputted into the rectangular wave detector 11. The rectangular wave 
detector 1 1 carries out the multiplication of the signal which carried out the 900 phase shifts of this to the criteria 
subcarrier, respectively to an input signal, performs rectangular detection, reproduces I of the baseband in a 
transmitting side, and a Q signal, and inputs them into A-D converter 12. A-D converter 12 changes into digital one 
I and the Q signal which were inputted, and inputs them into the distorted compensation section 8. The distorted 
compensation section 8 compares the feedback signal to which it restored with the sending signal and the 
rectangular wave detector 1 1 before distorted compensation by adaptive signal processing which used the LMS 
(Least Mean Square) algorithm, and it calculates and updates distorted compensation multiplier h (pi) so that the 
difference may serve as zero. Subsequently, PURIDISU torsion processing is performed and outputted using the 
distorted compensation multiplier updated to the sending signal which a degree should transmit. Henceforth, by 
repeating the above-mentioned actuation, the nonlinear distortion of the transmitted power amplifier 6 is 
suppressed, and adjacent channel leakage power is reduced. 

[0009] Drawing 50 is the explanatory view of the distorted compensation processing by Adaptation LMS. The 
multiplier with which 15a carries out the multiplication of distortion compensation multiplier hn-1(p) to the sending 
signal (quadrature modulation signal) (t) x of baseband (it corresponds to PURIDISU torsion section 8b of drawing 
49 ), The transmitted power amplifier with which 15b has distorted function f (p), the feedback system to which 15c 
returns output signal [ from transmitted power amplifier ] y (t), The operation part which calculates 15d (=x(t)2) of 
power p of a sending signal x (t) (amplitude-power conversion section). While 15e outputs a sending signal x 
(distortion compensation multiplier hn-1(p are the distorted compensation multiplier storage section (it corresponds 
to distorted compensation multiplier storage section 8a of drawing 49 ) which memorizes the distorted compensation 
multiplier according to each power of t), and corresponding to the power p of a sending signal x (t)) Distortion 
compensation multiplier hn-1(p) is updated by the distorted compensation multiplier hn (p) which can be found with 
an LMS algorithm. 

[0010] The subtracter which outputs 15f of cor\jugation complex signal output sections, and outputs 15g difference 
[ of a sending signal x (t) and feedback recovery signal y (t) ] e (t), The multiplier which performs 15h of 
multiplication of e (t) and u* (t), the multiplier with which 15i performs hn-1(p) and the multiplication of y* (t), The 
multiplier with which 1 5j carries out the multiplication of the step size parameter mu, the adder with which 1 5k adds 
hn-1(p) and mue(t) u* (t), 15m. 15n, and .1 5p are the delay sections, and add a time delay after a sending signal x (t) 
inputs until feedback recovery signal y (t) inputs into 15g of subtracters to an input signal. 15f. 15h-15j constitute 
the rotation operation part 1 6. u (t) is the signal which received distortion. The operation shown below Is performed 
by the above-mentioned configuration. 

hn(p) =hn-1(p)+mue(t) u*(t) e(t) =x(t)-y(t) y(t) =ihn-1(p)x(t) f(p) u(t) =x(t) f(p) =h*n-1(p) y(t) P=|x(t) |2 It corrects. 
Complex and * of x, and y, f, h, u and e are complexes corjugate. By performing the above-mentioned data 
processing, distorted compensation multiplier h (p) is updated so that difference [ of a sending signal x (t) and 
feedback recovery signal y (t) ] e (t) may become min, and finally it converges on the optimal distorted 
compensation multiplier value, and distortion of transmitted power amplifier is compensated. 

[001 1] drawing 51 ~ x(t) I[ =] (t)+ — it is the block diagram of the whole sending set expressed as jQ (t), and the 
same sign is given to the same part as drawing 48 and drawing 50 . As mentioned above, a digital nonlinear distorted 
compensation method is the principle of carrying out feedback detection of the subcarrier obtained by carrying out 
quadrature modulation of the sending signal, carrying out digital conversion, comparing the amplitude of a sending 
signal and a return signal, and updating a distorted compensation multiplier on real time based on a comparison 
result According to this nonlinear distorted compensation method, distortion can be decreased, ACPR can be filled 



with high power also in actuation in a nonlinear field (namely, leakage power low prevention), and power load 
effectiveness can be Improved, and low-power-ization is attained. Moreover, calorific value is reducible with an 
improvement of power load effectiveness, an exoergic cure can mitigate and. thereby, the scales of equipment can 
also be reduced. 
[0012] 

[Problem(s) to be Solved by the Invention] In distorted generating, the amplitude distortion and phase distortion of a 
signal may occur in coincidence. This is because amplitude limiting of this signal will be carried out to the threshold 
value of a distorted compensator, amplitude value will stick to the upper limit of a distorted compensator and phase 
control will become impossible, if the sending signal by which distorted compensation was carried out exceeds the 
compensation amplitude range of a distorted compensating network. Although transmitted power amplifier has the 
nonlinear characteristic by saturation, it is used in the condition near saturation as much as possible on send 
efficiency as mentioned above, on the other hand — a distorted compensator — a property — linearity — in order 
to perform a distorted compensatory control like, if it is used in the condition near saturation, the distorted 
compensation multiplier hn (p) will become large gradually. For this reason, the level of complex multiplication) 
increases, sending-signal x(t) *h(p) (* after distorted compensation exceeds the dynamic range of a DA converter, 
and the output swing of a DA converter is distorted. Consequently, harmonic content comes to be contained in a 
sending signal, a strain and contiguity disclosure generate not only the amplitude but a phase, and spectral 
characteristics become substandard 

[0013] Drawing 52 is the trouble explanatory view of the conventional distorted compensator, and a dotted line LM 
is the dynamic range (DA converter limit) of DA converter 3. Distortion will not be generated if the level of sending- 
signal x(t) *hn(p) outputted from the PURIDISU torsion section of a distorted compensator exists inside the DA 
converter limit LM. however, distorted compensation multiplier hn+ [ as opposed to a sending signal x (t) by 
distorted compensation processing ] — if 1 (p) becomes large, it will illustrate — as — x(t) *hn+ — 1 (p) exceeds 
the DA converter limit LM, the amplitude clamps to the DA converter limit LM, harmonic content occurs, and a 
. phase is also distorted. 

[0014] that is, the nonlinear degree of power amplifier is going to enlarge the amplitude according to distortion 
compensation in the large field — being also alike — not being concerned — the amplitude of return signal y (t) — 
large — not becoming — amplitude difference [ of the sending signal x before amendment (t), and a return signal ] e 
(t) It becomes large, if an amplitude difference becomes large, as for the distorted compensation section 8. distorted 
compensation will not be performed as expected — judging — further — difference signal e (t) it becomes small — 
as — distorted compensation — counting hn+ — 1 (p) is enlarged. Consequently, the signal amplitude after 
distorted compensation is made to Increase further. Consequently, signal amplitude will exceed limiting value (limit 
LM of DA converter 3). Therefore, the signal beyond limiting value serves as fixed amplitude value, and the 
significant component (the amplitude and phase) of a signal is missing, thereby, in addition to an amplitude 
component, compensation of a phase component also becomes impossible — getting it blocked — the failure that 
distortion compensation does not carry out normal actuation occurs. The problem on which a distorted property 
deteriorates from the case where both the amplitude and a phase will become uncontrollable and it will not carry out 
distorted compensation by the above if the amplitude exceeds the DA converter limit LM occurs. 
[0015] As mentioned above, even if the purpose of this invention amends the magnitude of a distorted compensation 
multiplier in advance, with the phase maintained so that the input amplitude of a DA converter may not exceed the 
limit of a DA converter, and it carries out amplitude limiting by this, it is enabling phase fiattery, as distortion does 
not occur. Even if another purpose of this invention amends the magnitude of a distorted compensation multiplier in 
advance, with the phase maintained so that the upper limit power by which the power of the sending signal after 
distorted compensation is permitted may not be exceeded, and it carries out amplitude limiting by this, it is enabling 
phase flattery. Another target of this Invention is enabling it to calculate the correction value of a distorted 
compensation multiplier simply. Another purpose of this Invention is decreasing the difference of a sending signal 
and a feedback signal, preventing a distorted compensation multiplier becoming large by this, and making it the 
sending signal after distorted compensation not exceed limiting value by controlling the amplitude of a feedback 
signal. 

[0016] Another purpose of this invention is (1). The distorted compensation method which carries out the 
multiplication of the distorted compensation multiplier to a sending signal, and is inputted into a distorted device, 
and (2) It is enabling It to apply to the distorted compensation method which generates the difference of the signal 
and the sending signal which were obtained by carrying out the multiplication of the distorted compensation 
multiplier to a reference sign (sending signal) as an error signal, carries out the DA translation of this error signal 
and the main signal (sending signal) separately, compounds them, and is Inputted Into a distorted device. Another 
purpose of this invention is offering a distorted compensator applicable to the sending set of a single carrier, and 
the sending set of a multi-carrier. 
[0017] 

[Means for Solving the Problem] According to this invention, the above-mentioned technical problem is attained by 
the distorted compensator which amends a distorted compensation multiplier in advance and Is memorized in the 
distorted compensation multiplier storage section so that the sending signal to which distorted compensation 
processing was performed may not exceed the dynamic range of a DA converter, namely, distorted compensation 
multiplier hn+ — before 1 (p's) calculating and memorizingJn the distorted compensation multiplier storage section - 
- this distorted compensation multiplier hn+, when carrying out distorted compensation using 1 (p) A distortion 



assistant In the signal acquired by ** exceeding the limit of a DA converter, or investigating in advance and 
exceeding, the magnitude of a distorted compensation multiplier is amended so that it may become small, with the 
phase maintained, and it memorizes it in the storage section. 

[0018] Before according to this invention distortion compensation multiplier hn+1(p)'s calculating the above- 
mentioned technical problem and memorizing it in the distorted compensation multiplier storage section Power |x(t) 
*hn+1(p) |2 of distortion compensatory-signal x(t) *hn+1(p) exceed the setting upper limit power Pmax of a DA 
converter, or it investigates in advance. When exceeding, it is attained by amending the magnitude of a distorted 
compensation multiplier so that it may become small, with the phase maintained, and memorizing it in the storage 
section, according to this invention in the above-mentioned technical problem — distorted compensation multiplier 
hn+ before 1 (p's) calculating and memorizing in the distorted compensation multiplier storage section — 
distorted compensation multiplier hn+ — the square value of 1 (p) is larger than the square value of setting 
maximum-distortion compensation multiplier h(p) MAX. or it investigates in advance, and in being large, the 
magnitude of a distorted compensation multiplier amends so that it may become small, with the phase maintained, 
and it memorizes to the storage section. If it is made above, it will be lost that a distorted compensatory signal (DA 
converter input) exceeds a DA converter limit (dynamic range), and amplitude distortion and phase distortion will not 
occur in a DA converter. And since it is what makes the magnitude small, with the phase of distortion compensation 
multiplier hn+1(p) held, phase flattery is attained. 

[001 9] According to this invention, the above-mentioned technical problem is attained by controlling the amplitude 
of the feedback signal from an amplifier output, when the limit over of the signal amplitude after distorted 
compensation Is detected. By controlling the amplitude of a feedback signal to become large at the time of limit 
over, the difference of a sending signal and a feedback signal becomes small, a distorted compensation multiplier 
decreases, and the limit over of the signal amplitude after distorted compensation can be prevented. Consequently, 
it is lost that the significant component (the amplitude and phase) of a signal is missing, and distortion compensation 
can be carried out to stability. According to this invention, the above-mentioned technical problem table-izes 
correspondence of the sending-signal amplitude or sending-signal power, and gain, searches for the gain according 
to the actual sending-signal amplitude or sending-signal power from a table, and is attained by controlling the 
amplitude of a feedback signal based on this gain. The limit over of the signal amplitude after this distorted 
compensation can be prevented without detecting whether the signal amplitude after distorted compensation 
exceeds limiting value, if it does in this way. 

[0020] In addition, this Invention is (1). The 1st distorted compensation method which carries out the multiplication 
of the distorted compensation multiplier to a sending signal, and carries out distorted compensation, and (2) The 
difference of the signal and sending signal which were obtained by carrying out the multiplication of the distorted 
compensation multiplier to a reference sign (sending signal) is generated as an error signal, and it can apply to each 
2nd distorted compensation method which carries out the DA translation of an error signal and the main signal 
(sending signal) separately, compounds them, and is inputted into a distorted device. Furthermore, it is applicable to 
the sending set of a single carrier, or the sending set of a multi-carrier 
[0021] 

[Embodiment of the Invention] (A) (Principle a) outline block diagram 1 of this invention is an outline block diagram 
of this invention. The device with which 21 generates the nonlinear distortion of function f (p) (transmitted power 
amplifier). The distorted compensation multiplier storage section which 22 makes distorted compensation multiplier h 
(p) which amends distortion of transmitted power amplifier correspond to the power p (=|x(t) |2) of a sending signal x 
(t), and is memorized, 23 reads the distorted compensation multiplier hn (p) according 'to the power p of a sending 
signal x (t) from the storage section 22. The PURIDISU torsion section which performs distorted compensation 
processing to a sending signal using this distorted compensation multiplier, digital sending-signal x (t) * by which 
distorted compensation processing was performed to 24 — the DA converter which changes hn (p) into an analog 
signal — The feedback system to which 25 returns output-signal [ of transmitted power amplifier ] y (t), the A-D 
converter from which 26 changes a feedback signal into digital one. The distorted compensation multiplier operation 
part to which 27 calculates distortion compensation multiplier hn+1(p) based on the sending signal x (t) and 
feedback signal before distorted compensation, 28 is the renewal section of a distorted compensation multiplier 
which updates a distorted compensation multiplier, and [0022] by making calculated distortion compensation 
niultiplier hn+1(p) or amended distorted compensation multiplier hn+1(p) ' correspond to power |x(t) |2 of a sending 
signal, and memorizing in the storage section 22. Before memorizing distortion compensation multiplier hn+1(p) 
which 29 is a comparator and was calculated by the distorted compensation multiplier operation part 27 in the 
storage section 22 this distorted compensation multiplier hn+ — what compares the maximum-electrlc-power value 
Pmax specified by the dynamic range of the power Pa of the sending signal which will come out and exist (=|x(t) 
*hn+1(p) |2) and DA converter 24 which are outputted from the PURIDISU torsion section 23 by the distorted 
compensation processing using 1 (p) — It is the power operation part of the sending signal in which 30 generates 
the distorted compensation multiplier amendment section, and 31 generates the read-out address / write-in 
address of the distorted compensation multiplier storage section 22. 

[0023] (b) The principle explanatory view 2 of this invention is a principle explanatory view of this Invention. The 
upper limit of a distorted compensatory signal is prescribed by the number of bits of digital data, or the number of 
bits (dynamic range) of DA converter 24 in the distorted compensator of the digital configuration of drawing 1 . 
Below, an upper limit shall be restricted by the dynamic range of DA converter 24. In drawing 2 . the DA converter 
limit as which small square LMS of a broken line is specified by the dynamic range of a DA converter, and the large 



rectangular head LML are operation limits specified with the number of bits of digital data. If the sending signal 
before performing distorted compensation processing is set to x (t) and the distorted compensation multiplier 
according to the power of this sending signal is set to hn (p), the distorted compensatory signal outputted from the 
PURIDISU torsion section 23 will become x(t) ♦hn(p). If this distortion compensatory-signal x(t) *hn(p) is less than 
the circle that touches the DA converter limit LMS, even if what kind of phase a sending signal x (t) is, the DA 
converter limit LML will not be exceeded and the amplitude and a phase will not be distorted in DA converter 24. 
[0024] However, distorted function f (distortion compensation multiplier hn+1(p which will be outputted from the 
distorted compensation multiplier operation part 27 by the difference of the sending signal x before distorted 
compensation (t) and a feedback signal becoming large if the output swing of the transmitted power amplifier 21 
becomes large in an operation of p)) becomes large, this case - — this distorted compensation multiplier hn+ — if 1 
(p) is not amended but it memorizes in the distorted compensation multiplier storage section 22 as it is, when or this 
distorted compensation multiplier will read — having — the PURIDISU torsion section 23 — distorted compensatory 
signal x(t) *hn+ — 1 (p) outputs. At this time, it is a distorted compensatory signal. If x(t) *hn+1(p) exceeds the DA 
converter limit LMS. amplitude distortion and phase distortion will occur in this DA converter, then, distorted 
compensation multiplier hn+ — before 1 (p) calculates and the storage section 22 memorizes — this distorted 
compensation multiplier hn+, when carrying out distorted compensation using 1 (p) In signal xCt) *hn+1(p) obtained 
according to distorted compensation exceeding the limit of a DA converter, or investigating in advance and 
exceeding, it amends the magnitude of a distorted compensation multiplier so that it may become small, with the * 
phase maintained. If it does in this way, amplitude limiting of the DA converter input being carried out, and exceeding 
the DA converter limit LMS will be lost, and amplitude distortion and phase distortion will not occur in a DA 
converter. And since it is what makes the magnitude small, with the phase of distortion compensation multiplier 
hn+1(p) held, phase flattery is attained. 

[0025] (c) amplitude limiting, as mentioned above the comparator 29 by amplitude control — distorted compensation 
multiplier hn+ — when 1 (p) can be found, before memorizing this distorted compensation multiplier in the storage 
section 22 — distorted compensation multiplier hn+ — distorted compensatory-signal x(t) *hn+ which is outputted 
from' the PURIDISU torsion section 23 by the distorted compensation processing using 1 (p) and which will come out 
and exist — compare with 1 (p) and the DA converter limit LMS. Moreover, the distorted compensation multiplier 
arnendment isection 30 amends distortion compensation multiplier hn+1(p) to 1/m so that x(t) *hn+1(p) may become 
smaller than the DA converter limit LMS, the renewal section 28 of a distorted compensation multiplier — distorted 
compensatory-signal x(t) *hn+ — distorted compensation multiplier hn+ which memorizes distorted compensation 
multiplier hn+1(p)/m this amended when 1 (p) was larger than the DA converter limit LMS in the distorted 
compensation multiplier storage section 22, and will not be amended if small — 1 (p) is memorized in the distorted 
compensation multiplier storage section 22 as it is. In addition, since x(t) *hn+1(p) is complex, it is common to make 
it general, as shown in the following (d), and to carry out amplitude control based on power 

[0026] (d) Control the input signal amplitude of a direct DA converter by the amplitude-limiting above (c) by power 
control, and this amplitude is a DA translation limit. Although it is the case where it controls to fit in LMS Power 
of distortion compensatory-signal x(t) *hn+1(p) A distorted compensation multiplier can be amended and it can also 
control that the amplitude touches the DA translation limit LMS etc. to fit in the envelope circle ECIR so that |x(t) 
*hn+1(p) |2 become below the upper limit power Pmax of a DA converter, this case — a comparator 29 — distorted 
compensation multiplier hn+ — when 1 (p) can be found, before memorizing this distorted compensation multiplier in 
the storage section 22 — distorted compensation multiplier hn+ — the upper limit power Pmax of the power Pa of 
the distorted compensatory signal which will come out and exist (=|x(t) >(<hn+1(p) |2) and DA converter 24 which are 
outputted. from the PURIDISU torsion section 23 by the distorted compensation processing using 1 (p) is compared. 
Moreover, when |x(t) *hn+1(p) |2 are larger than the upper limit power Pmax, the distorted compensation multiplier 
amendment section 30 does 1/m amendment of distortion compensation multiplier hn+1(p) so that it may become 
below upper limit power, the distorted compensation multiplier this amended when the renewal section 28 of a 
distorted compensation multiplier had the power Pa of a distorted compensatory signal larger than the upper limit 
power Pmax — hn+1(p) *=hn+1(p)/m — the distorted compensation multiplier storage section 22 — : memorizing — 
time it is small — distorted compensation multiplier hn+ — 1 (p) is not amended but it memorizes in the distorted 
compensation multiplier storage section 22 as it is. Consequently, signal x(t) *hn+1(p)/m by which distorted 
compensation was carried out by distorted compensation multiplier hn+1(p) ' is settled inside ********** ECIR, and 
amplitude distortion and phase distortion are not produced with DA converter 24. That is. although distorted 
compensation of the amplitude is imperfect, since the phase is followed, when not applying a distorted compensator, 
a distorted property does not deteriorate above. 

[0027] (e) a maximum distortion compensation multiplier [ as opposed to Pmax and a sending signal x (t) for the 
permissible upper limit power to which another amplitude-limiting DA converter by power control is set ] — h(p) 
MAX, then a degree type — the relation of Pmax=|x(t) *h(p) MAX|2 is realized. Since it is fixed, Pmax is a sending 
signal X (t) and a maximum distortion compensation multiplier, h (p) MAX has the relation of 1:1. and if a sending 
signal x (t) is decided, maximum distortion compensation multiplier h(p) MAX will become settled uniquely, therefore, 
distorted compensation multiplier hn+ — the square value of 1 (p) — this maximum distortion compensation 
multiplier if larger than the square value of h(p) MAX — this distorted compensation multiplier hn+ — distorted 
compensatory-signal x(t) *hn+ obtained using 1 (p) — 1 (p) exceeds ********** ECIR. 

[0028]; As mentioned above, a comparator 29 compares the size of square value |h(p) MAX|2 of maximum distortion 
compensation multiplier h(p) MAX according to square value (hn-t-Kp) |2 and the sending signal x (t) of this distorted 



compensation multiplier, when distortion compensation multiplier hn+1(p) calculates. Moreover, the distorted 
compensation multiplier amendment section 30 amends distortion compensation multiplier hn+1(p) to 1/m so that 
|hn+1(p) |2 may become smaller than |h(p) MAX|2. The renewal section 28 of a distorted compensation multiplier At 
the time of |hn+1(p) |2>|h(p) MAX|2 the amended this distorted compensation multiplier — hn+1(p) '=hn+l(p)/m — 
the distorted compensation multiplier storage section 22 — memorizing — the time of |hn+1(p) |2<|h(p) MAX|2 — 
distorted compensation multiplier hn+ ~ 1 (p) is not amended but it memorizes in the distorted compensation 
multiplier storage section 22 as it is. Consequently, signal x(t) *hn+1(p)/m by which distorted compensation was 
carried out by distorted compensation multiplier hn+l(p) ' is settled inside ********** ECIR. and amplitude 
distortion and phase distortion are not produced with a DA converter. 

[0029] (f) **** with the unnecessary amendment operation of a distorted compensation multiplier — beforehand — 
|x(t) |2 and hn+ — if it is made to correspond to the combination of 1 (p) and the correction value of a distorted 
compensation multiplier is memorized, processing of the amendment operation of a distorted compensation 
multiplier, a comparison of the power Pa of a distorted compensatory signal and the upper limit power Pmax, etc. will 
become unnecessary. Then. (1) Distortion compensation multiplier hn+1(p) is amended so that the power Pa of the 
sending signal when performing distorted compensation processing to a sending signal x (t) using distortion 
compensation multiplier hn+1(p) calculated by distorted compensation multiplier operation part may become smaller 
than the upper limit power Pmax. (2) Amended this distorted compensation multiplier hn+1(p) ' is made to 
correspond to the combination of |x(t) |2 and hn+1(p). and is table-ized. Moreover, (3) When the power Pa of the 
sending signal by which distorted compensation was carried out is smaller than the upper limit power Pmax. 
distortion compensation multiplier hn+1(p) is remained as it is. It is made to correspond to the combination of |x(t) |2 
and hn+1(p), and table-izes. 

[0030] this condition — setting — the distorted compensation multiplier operation part 27 — distorted 
compensation multiplier hn+ — if 1 (p) calculates — the renewal section 28 of a distorted compensation multiplier - 
- this distorted compensation multiplier hn+ — in quest of the correction value of 1 (p) and the distorted 
compensation multiplier according to the combination of power |x(t) |2 of a sending signal x (t), it memorizes in the 
distorted compensation multiplier storage section 22 from a table. Henceforth, on the occasion of the distorted 
compensation processing to the following sending signal x (t), the PURIDISU torsion section 23 reads a distorted 
compensation multiplier [ finishing / amendment / section / 22 / storage ]. carries out distorted compensation 
processing, and outputs. Above, before writing in the storage section 22. it is the example which uses a table and 
amends a distorted compensation multiplier, but it can read from the storage section 22, and it can also constitute 
so that it may amend using this table, namely, the distorted compensation multiplier operation part 27 — distorted 
compensation multiplier hn+ — the time of 1 (p) calculating — the renewal section 28 of a distorted compensation 
multiplier this distorted compensation multiplier hn+ — 1 (p) Is memorized in the distorted compensation 
multiplier storage section 22 as It is. And when the distorted compensation multiplier hn (p) is read from the storage 
section 22 on the occasion of the distorted compensation processing to a sending signal x (t). from a table, in quest 
of the correction value of this distorted compensation multiplier hn (p) and the distorted compensation multiplier 
according to the combination of power |x(t) |2 of a sending signal x (t). the PURIDISU torsion section 23 carries out 
distorted compensation processing, and outputs. 

[0031] (g) When the limit over of the signal amplitude after the amplitude-limiting distorted compensation by the 
amplitude control of a feedback signal Is detected, enlarge the amplitude of the feedback signal from an amplifier 
output. By enlarging the amplitude of a feedback signal at the time of limit over, the difference of a sending signal 
and a feedback signal becomes small, a distorted compensation multiplier decreases, and the limit over of the signal 
amplitude after distorted compensation can be prevented henceforth. Moreover, correspondence of the amplitude of 
a sending signal or power, and gain is table-ized, the gain according to the amplitude or power of an actual sending 
signal is searched for from a table, and the amplitude of a feedback signal Is controlled based on this gain. The limit 
over of the signal amplitude after distorted compensation can be prevented without detecting whether the signal 
amplitude after distorted compensation exceeds limiting value, if it does in this way. 

[0032] (B) 1st example drawing 3 of (Example a) of the distorted compensator which carries out the multiplication of 
the distorted compensation multiplier to a sending signal, and outputs a distorted compensatory signal is the 1st 
example of this invention applied to the distorted compensator which carries out the multiplication of the distorted 
compensation multiplier to a sending signal, and outputs a distorted compensatory signal, the same sign is given to 
the same part as drawing 1 , and 32-37 are the delay circuits for timing doubling. The distorted compensation 
multiplier operation part 27 Is what calculates distortion compensation multiplier hn+1(n) with an LMS algorithm like 
the conventional example of drawing 34 . Subtracter 27b which outputs difference [ of conjugation complex signal 
output section 27a. and the sending signal x before distorted compensation processing (t) and feedback recovery 
signal y (t) ] e (t), the multiplier 27 which performs the multiplication of error e (t) and u* (t) — 27d of multipliers 
which perform c, hn (p). and the multiplication of y* (t), and the multiplier 27 which carries out the multiplication of 
the step size parameter mu — It has 27f of adders adding e, hn (p), and mue(t) u* (t). 

[0033] The renewal section 28 of a distorted compensation multiplier updates the distorted compensation multiplier 
memorized by the distorted compensation multiplier storage section 22, and is equipped with selector 28a. Selector 
28a the power Pa of a distorted compensatory signal (=|x(t) *hn+1(p) |2) When larger than the upper limit power 
Pmax beforehand set up according to the dynamic range of DA converter 24, the distorted compensation multiplier 
X (=hn+1(p)/m) is memorized in the distorted compensation multiplier storage section 22. When small, the distorted 
compensation multiplier Y (=hn+1(p)) which is not amended is memorized in the distorted compensation multiplier 



storage section 22. A comparator 29 compares the size of the power Pa of a distorted compensatory signal (=|x(t) 
*hn+1(p) |2X and the upper limit power Pmax set up, and is equipped with power operation part 29a and comparator 
29b. The power Pa of 1 (p) is calculated, distorted compensation multiplier hn+ from which power operation part 29a 
was obtained by the distorted compensation multiplier operation part 27 — distorted compensatory-signal x(t) *hn+ 
outputted from the PURIDISU torsion 23 by the distorted compensation processing using 1 (p) — Comparator 29b 
compares the size of this power Pa (=|x(t) *hn+l (p) |2) and the upper limit power Pmax, and inputs a comparison 
result into selector 28a. In addition, * means complex multiplication. 

[0034] When the power Pa of a sending signal (=|x(t) *hn+1(p) |2) is larger than the upper limit power Pmax. the 
distorted compensation multiplier amendment section 30 amends distortion compensation multiplier hn+1(p) to 1/m 
so that it may become below upper limit power, and has m value control-section 30a and correction value operation 
part 30b. m is a multiplier damping ratio and m2 is the ratio of the power |x(t) *hn+1(p) |2 and the upper limit power 
Pmax of a distorted compensatory signal, therefore, the degree type m2 — the relation of =|x(t) *hn+1(p) |2-/Pmax 
— it is — m — m={|x(t) *hn+1 (p) |2-/Pmax)1 / 2 It can be found from (1 ), M value control-section 30a calculates 
(1) type, and calculates the multiplier damping ratio m, and correction value operation part 30b is degree type 
X=hn+1(p)/m. The correction value X of a distorted compensation multiplier is calculated by (2), and it outputs. 
[0035] A delay circuit 32 is delayed in the output signal of the power operation part 31 so that it may write in in the 
timing to which a distorted compensation multiplier is outputted from selector 28a and the address (Write adr) may 
occur. A delay circuit 33 doubles the timing of the sending signal x before distorted compensation (t). and return 
signal y (t), and it is delayed until a return signal reaches subtraction section 27b in a sending signal. A delay circuit 
34 doubles the timing of the input signal of 27f of adders, and it is delayed until mue[ from multiplier 27e ] (t) u* (t) 
outputs the distorted compensation multiplier hn (p) outputted from the distorted compensation multiplier storage 
section 22. A delay circuit 35 doubles the timing of the input signal of the PURIDISU torsion section 23, and is 
delayed in time amount until a distorted compensation multiplier is read from the distorted compensation multiplier 
storage section 22 and it inputs into the PURIDISU torsion section, and a sending signal x (t). A delay circuit 36 
doubles the timing of the input signal of power operation part 29a, and is delayed In time amount until distortion 
compensation multiplier hn+1 outputs from the distorted compensation multiplier operation part 27, and a sending 
signal X (t). A delay circuit 37 doubles the output timing of the selector inputs X and Y, and it is delayed in the 
output timing of distortion compensation multiplier hn+1 until correction value X occurs. 

[0036] a comparator 29 — distorted compensation multiplier hn+ — the time when 1 (p) was able to be found — * 
this distorted compensation multiplier hn+ — the upper limit power Pmax of the power |x(t) *hn+1(p) |2 and DA 
converter 24 of the distorted compensatory signal which will come out and exist which are outputted from the 
PURIDISU torsion section 23 by the distorted compensation processing using 1 (p) Is compared. Moreover, the 
distorted compensation multiplier amendment section 30 amends distortion compensation multiplier hn+l(p) to 1/m 
so that power |x(t) *hn+1(p) |2 may become below the upper limit power Pmax. When the power of a distorted 
compensatory signal is larger than the upper limit power Pmax, the renewal section 28 of a distorted compensation 
multiplier memorizes the correction value X of a distorted compensation multiplier (= hn+1(p)/m) in the distorted 
compensation multiplier storage section 22, and memorizes the distorted compensation multiplier Y (=hn+l(p)) which 
is not amended when small in the distorted compensation multiplier storage section 22. Henceforth, on the occasion 
of the distorted compensation processing to the following sending signal x (t). the PURIDISU torsion section .23 
reads a distorted compensation multiplier [ finishing / amendment / section / 22 / storage ], carries out distorted 
compensation processing, and outputs. Under the present circumstances, a distorted compensatory signal Is settled 
Inside *****JMe*** ECIR ( drawing 2 ). and amplitude distortion and phase distortion are not produced with a DA 
converter. 

[0037] (b) 2nd example drawing 4 is the 2nd example of this invention applied to the distorted compensator which 
carries out the multiplication of the distorted compensation multiplier to a sending signal, and outputs a distorted 
compensatory signal, and gives the same sign to the same part as drawing 3 . A dlifferent point is the configuration 
of a comparator 29 and has table 29c, 29d of operation part, and. comparator 29e. Table 29c 'memorizes square value 
|h(p) MAX|2 of maximum distortion compensation multiplier h(p) MAX according to power |x(t) |2 of a sending signal 
X (t). 29d of operation part Is a distorted compensation multiplier. Calculating squarie value |hn+l (p) |2 of hn+1 (p), 
comparator 29e compares the size of |h(p) MAX|2 and |hn+l(p) |2. 

[0038] a maximum distortion compensation multiplier [ as opposed to Pmax and a sending signal x (t) for the 
permissible upper limit power of a DA converter ] — h(p) MAX, then a degree type — Pmax=|x(t) *h(p) MAX|2 The 
relation of (3) Is realized. Since Pmax is fixed, a sending signal x (t) and maximum distortion compensation multiplier 
h(p) MAX have the relation of 1:1. and if a sending signal x (t) Is decided, maximum distortion compensation 
multiplier h(p) MAX will become settled uniquely. Therefore, the size relation of the power Pa (=|x(t) *hn+1(p) |2) of 
Pmax (=|x(t) *h(p) MAX|2) and a distorted compensatory signal to the 1st example is in agreement with the size 
relation between |h(p) MAX|2 and |hn+1(p) |2. Then, comparator 29e compares the size of |h(p) MAX|2 and |hn+1(p) 
|2. Moreover, the distorted compensation multiplier amendment section 30 follows (1) and (2) types, and |hn+1(p) |2 . 
Distortion compensation multiplier hn+1(p) is amended to 1/m so that It may become less than [ |h(p).MAX|2 ]. The 
renewal section 28 of a distorted compensation multiplier At the time of |hn+l(p) |2>|h(p) MAX|2 The amended 
distorted compensation multiplier X (=hn+l(p)/m) is memorized in the distorted compensation multiplier storage 
section 22, and the distorted compensation multiplier Y (=hn+l(p)) which is not amended at the time of |hn+l(p) 
|2<|h(p) MAX|2 is memorized in the distorted compensation multiplier storage section 22. Henceforth, on the 
occasion of the distorted compensation processing to the following sending signal x (t). the PURIDISU torsion 



section 23 reads a distorted compensation multiplier [ finishing / amendment / section / 22 / storage ]. carries out 
distorted compensation processing, and outputs. Under the present circumstances, a distorted compensatory signal 
is settled inside ********** ECIR ( drawin g_2 ), and amplitude distortion and phase distortion are not produced with 
a DA converter. 

[0039] (c) 3rd example drawing 5 is the 3rd example of this invention applied to the distorted compensator which 
carries out the multiplication of the distorted compensation multiplier to a sending signal, and outputs a distorted 
compensatory signal, and gives the same sign to the same part as drawing 3 R> 3. A different point is (1). The point 
of making it corresponding to the combination of |x(t) \2 and hn+1(pX and memorizing correction value hn+1(p) ' of 
distortion compensation multiplier hn+l(n) on the distorted compensation value limiter table 41 beforehand. (2) The 
point and (3) which read the correction value of a desired distorted compensation multiplier from a table 41, and are 
memorized in the distorted compensation multiplier storage section 22 It is the point of having deleted a comparator 
29 and the distorted compensation multiplier amendment section 30. Creation of the distorted compensation value 
limiter table 41 is performed according to the following, namely, distorted compensation multiplier hn+ — power |x(t) 
*hn+1(p) |2 of the distorted compensatory signal when performing distorted compensation processing to a sending 
signal X (t) using 1 (p) become smaller than the upper limit power Pmax — as — this distorted compensation 
multiplier hn+ — 1 (p) is amended to 1/m. After an appropriate time, correction value hn+1(p) ' (=hn+1(p)/m) is 
made to correspond to the combination of |x(t) |2 and hn+1(p). and is table-ized. In this case If |x(t) *hn+1(p) 12 are 
smaller than the upper limit power Pmax, will not amend distortion compensation multiplier hn+1(pX but it will be 
made to correspond to the combination of |x(t) |2 and hn+1(p) as it Is, and will table-ize. 

[0040] distorted compensation processing — setting — the distorted compensation multiplier operation part 27 — 
distorted compensation multiplier hn+ — if 1 (p) calculates — the renewal section 28 of a distorted compensation 
multiplier — this distorted compensation multiplier hn+ — in quest of 1 (p) and correction value hn+1(p) of distorted 
compensation multiplier according to combination of power |x(t) |2 of sending signal x (t) \ It memorizes in the 
distorted compensation multiplier storage section 22 from a table 41. Henceforth, on the occasion of the distorted 
compensation processing to the following sending signal x (t), the PURIDISU torsion section 23 reads a distorted 
compensation multiplier [ finishing / amendment / section / 22 / storage ], carries out distorted compensation 
processing, and outputs. If it is made above, a comparison operation and a correction value operation become 
unnecessary, the correction value of a distorted compensation multiplier can be acquired at a high speed, and. 
moreover, a configuration will become simple. 

[0041] (d) 4th example drawing 6 is the 4th example of this invention applied to the distorted compensator which 
carries out the multiplication of the distorted compensation multiplier to a sending signal, and outputs a distorted 
compensatory signal, and gives the same sign to the same part as drawing 5 R> 5. Although a different point is the 
location of a table 41 and has formed the table 41 in the preceding paragraph of the distorted compensation 
multiplier storage section 22 in the 3rd example, it has formed the table 41 in the latter part of the distorted 
compensation multiplier storage section 22 in the 4th example. That is, in the 4th example, after reading a distorted 
compensation multiplier from the storage section 22, a table 41 is used and a distorted compensation multiplier is 
amended, distorted compensation processing — setting — the distorted compensation multiplier operation part 27 - 

- distorted compensation multiplier hn+ — if 1 (p) calculates — the renewal section 28 of a distorted compensation 
multiplier — this distorted compensation multiplier hn+ — 1 (p) is memorized in the distorted compensation 
multiplier storage section 22 as it is. And if the distorted compensation multiplier hn (p) is read from the storage 
section 22 on the occasion of distorted compensation processing of the following sending signal x (t), from a table 
41, in quest of this distorted compensation multiplier hn(p) |x(t) | multiplier [ finishing / the amendment according to 
the combination of 2 / distorted compensation ] hn (p) the PURIDISU torsion section 23 will carry out distorted 
compensation processing, and will output. 

[0042] (e) 5th example drawing 7 is an example which simplifies the amendment operation of a distorted 
compensation multiplier, and gives the same sign to the same part as the 1st example of drawing 3 . In the 1st 
example, in the amendment operation of a distorted compensation multiplier, division is needed, and a hardware 
scale becomes large. The 5th example realizes division by the bit shift. In addition, when power |x(t) *hn+1(p) |2 of a 
distorted compensatory signal are larger than the upper limit power Pmax in the 5th example, degree type [ — ( — hn 

- (— p — ) — + — ** — hn — + — one — (— p ~) — } - {— hn — (— p — ) — + — ** — hn — + — one — (- 

- p —)—} — /— r — ] — two — <= (hn (p)) — two ~ (4) [hn+1(p)-hn+1(p)/r] 2 <=(hn (p)) 2 (4) ' be materialized - 

- as ~ distorted compensation multiplier hn+ — 1 (p) It amends to [hn+1(p)-hn+1(p)/r]. In an upper type, **hn+1(p) 
is the output of multiplier 27e. (4) r is determined that ' type is filled and it is correction value hn+1(p) ' [hn+1(p)- 
hn+1(p)/r] Degree type hn+1(p) '= Since (5), then hn (p) are below DA converter limits, correction value hn+1(p) ' 
also becomes below a limit value certainly. 

[0043] (4) If a formula is transformed [hn(p)+ {**hn+1(pHhn(p)+**hn+1(p))/r)] 2<=(hn (p)) 2 It becomes (4) 
**hn+1(p)- (hn(p)+**hn+1(p)) / r<=0 If it is (6), (4) types will surely be materialized. Therefore, it is a degree type 
from (6) types. r<={hn(p)+**hn+1(p)} / **hn+1(p) =hn+1(p)/**hn+1 (p) What is necessary is to determine that r 
satisfies (6) ' and for (5) types just to amend distortion compensation multiplier hn+1(p). However, division is 
included by (6) ' formulas. Then, the maximum integer H with which are satisfied of 2H <=**hn+l(p) is searched for, 
and it asks for r by shifting hn+1(p) H times. In this case, division is included in (5) types. Then, degree type r<=2R It 
can ask easily by shifting (distortion compensation multiplier hn+1(p whose right-hand side of (5) types will be a 
molecule if the minimum integral value R which satisfies 7) is calculated) R times. 

[0044] In the distorted compensation multiplier amendment section 30. R value control-section 30c is outputted In 



quest of the minimum integral value R which satisfies (7) types, 30d of operation part calculates correction value 
hn+l(p) '= [hn+1(p)-hn+l(p)/r] by a shift and subtraction, and it inputs it into selector 28a. When the power Pa of a 
distorted compensatory signal is larger than the upper limit power Pmax, selector 28a memorizes correction value X 
(= [hn+1(p)-hn+1(p)/r]) in the distorted compensation multiplier storage section 22, and memorizes the distorted 
compensation multiplier Y (=hn+1(p)) which is not amended when small in the distorted compensation multiplier 
storage section 22. 

[0045] (f) 6th example drawing 8 is an example which simplifies the amendment operation of a distorted 
compensation multiplier, and gives the same sign to the same part as the 2nd example of drawing 4 . In the 2nd 
example, in the amendment operation of a distorted compensation multiplier, division is needed, and a hardware 
scale becomes large. Although division is realized by the bit shift and the configuration of the distorted 
compensation multiplier amendment section 30 differs from the 2nd example in the 6th example, it is completely the 
same as the configuration of drawing 7 . 

[0046] (g) Although the 7th example 1 st - the 6th example are examples applied to the sending set of a single 
carrier, they are applicable also to the sending set of a multi-carrier. Drawing 9 is the block diagram of the sending 
set in the case of transmitting two or more sending signals using a multi-carrier signal, and shows the example in 
the case of carrying out multiplex [ of the four frequencies ] and transmitting. Each digital sending signal x1 (t), x2 
(t), x3 (t). and x4 (t) in the frequency shift sections 51-54 exp Gomegaone t). After carrying out the multiplication of 
exp Gomegatwo t). exp Gomegathree t). and the exp O'onriegafour t) (omegan=2pifn) and being given a frequency shift 
at frequencies f1, f2. f3, and f4. frequency multiplex is carried out in the synthetic section 55. This digital frequency 
multiple signal corresponds to the sending signal of a single carrier, and the same distorted compensation processing 
as the case of a single carrier is performed henceforth. 

[0047] Drawing 10 is the 7th example at the time of applying the distorted compensator of the 1st, 2nd, 5th, and 6th 
example to the multi-carrier sending set of drawing .9 , and gives the same sign to the same part. Drawing 1 1 is the 
8th example at the time of applying the distorted compensator of the 3rd example of drawing 5 to the multi-carrier 
sending set of drawing 9 . and gives the same sign to the same part as drawing 5 and drawing 9 . Drawing 12 is the 
9th example at the time of applying the distorted compensator of the 4th example of drawing 6 to the multi-carrier 
sending set of drawing 9 , and gives the same sign to the same part as drawing 6 and drawing 9 . 
[0048] (C) Although it is the example applied to the distorted compensator which carries out the multiplication of 
the distorted compensation multiplier to a sending signal, generates a distorted compensatory signal above the 
distorted compensator which compounds an error signal to the main signal and is Inputted into a distorted device, 
and is inputted Into transmitted power amplifier, after carrying out the DA translation of each of the distorted 
component (error signal) added to the main signal (sending signal) and this sending signal independently, it is 
applicable also to the distorted compensator which is compounded and is inputted into transmitted power amplifier. 
In addition, according to the latter distorted compensator, since the amplitude of an error signal is small, the big 
dynamic range also to the DA converter which bit precision of the DA converter which outputs only an error signal 
can be made low. and outputs only a sending signal is unnecessary, and there Is an advantage which can make bit 
precision of this DA converter low. 

[0049] (a) 1st example drawing 13 is the block diagram of the 1st example of the distorted compensator which 
compounds the sending signal and error signal of an analog, and gives the same sign to the same part as an old 
example. The device with which 21 generate the nonlinear distortion of function f (p) among drawing (transmitted 
power amplifier). The distorted, compensation multiplier storage section which 22 makes distorted compensation 
multiplier h (p) which amends distortion of transmitted power amplifier correspond to the power p (=|x(t) |2) of a 
sending signal x (t), and is memorized. The feedback system to which 25 returns output-signal [ of transniitted 
power amplifier ] y (t), the A-D converter from which 26 changes a feedback signal into digital one. The distorted 
compensation multiplier operation part to which 27 calculates distortion compensation multiplier hn+1(p) based on 
the sending signal x (t) and feedback signal before distorted compensation. The renewal section of a distorted 
compensation multiplier which 28 is equipped with selector 28a, and calculated distortion compensation multiplier 
hn+1(p) or amended distorted compensation multiplier hn+l(p) ' Is made to correspond to sending-signal power |x(t) 
|2, and is memorized in the storage section 22. The comparator which compares the size of square value |h(n) 
MAX|2 of square value |hn+l(p) |2 and the maximum distortion compensation multiplier of distortion compensation 
multiplier hn+1(p) which calculated 29 by distorted compensation multiplier operation part, 1/m 30 distortion 
compensation multiplier hn+1(p) The distorted compensation multiplier amendment section which carries out and 
outputs correction value hn+1(p) ' (=hn+1(p)/m). The power operation part of the sending signal in which 31 
generates the read-out address / write-in address of the distorted compensation multiplier storage section 22. and 
32-39 are the delay circuits for timing doubling. 

[0050] 61 [ moreover, ] — the error signal generating section — it is — multiplier 61a which reads the distorted 
compensation multiplier hn according to 2 (p) from the storage section 22, and carries out complex multiplication of 
this distorted compensation multiplier hn (p) to a sending signal x (t). and power |x(t) | output signal [ of a multiplier ] 
X (t) * — it has subtracter 61b which outputs error signal E (t) which is the difference of hn (p) and a sending signal 
X (t). [ of a sending signal ] The DA converter from which 62 changes digital error signal E (t) into an analog, the DA 
converter from which 63 changes a sending signal (the main signal) (t) x into an analog, and 64 are the synthetic 
sections which compound and output error signal [ of the sending-signal x (t) analog of an analog ] E (t). 
[0051] DA converter 62 has composition which carries out the DA translation of the distorted signal (error signal) E 
(t), and the upper limit of a distorted compensation multiplier Is Immobilization at value h(p) MAX which exists 



without being based on a sending signal x (t). Therefore, if the distorted compensation multiplier hn according to the 
power of a sending signal (p) is in the circle of radius h(p) MAX which touches the DA converter limit LHS (refer to 
drawin gjU ), even if what kind of phase the distorted compensation multiplier hn (p) is. the DA converter limit LHS 
will not be exceeded and the amplitude and a phase will not be distorted in DA converter 24. However, distortion 
function f (distortion compensation multiplier hn+l(p which will be outputted from the distorted compensation 
multiplier operation part 27 by the difference of the sending signal x before distorted compensation (t) and a 
feedback signal becoming large if the output swing of the transmitted power amplifier 21 becomes large in an 
operation of p)) becomes large, and becomes large from maximum distortion compensation multiplier h(p) MAX. this 
case ~ this distorted compensation multiplier hn+ — if 1 (p) is not amended but it memorizes in the distorted 
compensation multiplier storage section 22 as it is, when or this distorted compensation multiplier will be read, in 
that case, the distorted compensation multiplier hn (p) will exceed the DA converter limit LHS. and amplitude 
distortion and phase distortion will occur in DA converter 62. 

[0052] Then, before distortion compensation multiplier hn+1(p)'s calculating and memorizing in the storage section 
Square |hn+1(p) |2 of this distorted compensation multiplier are compared with the size of square |h(p) MAX|2 of an 
upper limit distorted compensation multiplier, and if it is |hn+1(p) |2>|h(p) MAX|2, the magnitude of a distorted 
compensation multiplier will be amended to 1/m, with the phase maintained. If it does in this way, amplitude limiting 
of the DA converter input will be carried out, exceeding the DA converter limit LHS will be lost, and amplitude 
distortion and phase distortion will not occur in a DA converter. And since it is what makes the magnitude small, 
with the phase of distortion compensation multiplier hn+1(p) held, phase flattery is attained. In addition, the squared 
reason is because distortion compensation multiplier hn+1(p) is complex. 

[0053] As mentioned above, a comparator 29 compares the size of square value |h(n) MAX|2 of square value |hn+1 
(p) |2 and the maximum distortion compensation multiplier of distortion compensation multiplier hn+1(p) calculated 
by the distorted compensation multiplier operation part 27. It memorizes in the storage section 22 as it is. distorted 
compensation multiplier hn+ calculated when |hn+1(p) |2 were smaller than |h(p) MAX|2 as for the renewal section 28 
of a distorted compensation multiplier, without amending 1 (p) | If hn+1(p) |2 are larger than |h(p) MAX|2, correction 
value hn+1(p) ' of a distorted compensation multiplier will be memorized in the storage section 22. Henceforth, on 
the occasion of the distorted compensation processing to the following sending signal x (t). the distorted 
compensation multiplier [ finishing / compensation / section / 22 / storage ] hn (p) is read, error signal E (t) is 
outputted, and the synthetic section 64 compounds the main signal (sending signal) and error signal of an analog by 
which the DA translation was independently carried out with DA converters 62 and 63, respectively, and inputs them 
into transmitted power amplifier. Under the present circumstances, since it is smaller than maximum distortion 
compensation multiplier h(p) MAX, the distorted compensation multiplier hn (p) does not produce amplitude 
distortion and phase distortion with DA converter 62. 

[0054] (b) 2nd example drawing 1 5 is the block diagram of the 2nd example of the distorted compensator which 
inputs into transmitted power amplifier at composition the sending signal and error signal of the analog by which the 
DA translation was carried out independently, and gives the same sign to the same part as the 1st example of 
drawing 13 . A different point is a point which specified the configuration of a comparator 29 and the distorted 
compensation multiplier amendment section 30. The comparator 29 is equipped with 29g of storage sections holding 
square value |h(n) MAX|2 of a maximum distortion compensation multiplier, 29h of operations which calculate square 
value |hn+1(p) |2 of a distorted compensation multiplier, and comparator 29i that compares the size of |hn+1(p) |2 
and |h(p) MAX|2. The distorted compensation multiplier amendment section 30 amends distortion compensation 
multiplier hn+1(p) to 1/m so that square value |hn+1(p) |2 of a distorted compensation multiplier may become 
smaller than square value |h(n) MAX|2 of a maximum distortion compensation multiplier, and it has m value control** 
section 30e and 30f of correction value operation part, m — a multiplier damping ratio — it is — a degree type — 
the relation of m2=|hn+1(p) |2/|h(p) MAX|2 — it is — m — m= — |hn+1(p) |/|h(p) MAX| It can be found from (8). M 
value control-section 30a calculates (8) types, and calculates the multiplier damping ratio m. and correction value 
operation part 30b calculates the correction value X of a distorted compensation multiplier by degree type X=hn+1 
(p)/m. and outputs. 

[0055] A . comparator 29 compares the size of |hn+1(p) |2 and |h(p) MAX|2. when distortion compensation multiplier 
hn+1(p) can be found. Moreover, the distorted compensation multiplier amendment section 30 amends distortion 
compensation multiplier hn+1(p) to 1/m so that square value |hn+1(p) |2 of a distorted compensation multiplier may 
become smaller than square value |h(n) MAX|2 of a maximum distortion compensation multiplier, distorted 
compensation multiplier hn+ calculated when |hn+1(p) |2 were smaller than |h(p) MAX|2 as for the renewal section 28 
of a distorted compensation multiplier — it memorizes in the storage section 22 as it is, without amending 1 (p), and 
if |hn+1(p) |2 are larger than |h(p) MAX|2, correction value hn+1(p) ' of a distorted compensation multiplier will be 
memorized in the storage section 22. Henceforth, on the occasion of the distorted compensation processing to the 
following sending signal x (t). the distorted compensation multiplier [ finishing / amendment / section / 22 / 
storage ] hn (p) is read, error signal E (t) is outputted. and the synthetic section 64 compounds the sending signal 
and error signal by which the DA translation was carried out independently with DA converters 62 and 63, 
respectively, and inputs them into transmitted power amplifier. Under the present circumstances, since it is smaller 
than maximum distortion compensation multiplier h(p) MAX, the distorted compensation multiplier hn (p) does not 
produce amplitude distortion and phase distortion with DA converter 62. 

[0056] (c) 3rd example drawing 1 6 is the block diagram of the 3rd example of the distorted compensator which 
compounds the sending signal and error signal of an analog by which the DA translation was carried out 



independently, and is inputted into transmitted power amplifier, and gives the same sign to the same part as the 1st 
example of drawing 1 3 . A different point is (1). The point of making it corresponding to hn+l(p) beforehand, and 
memorizing correction value hn+1 (p) * of a distorted compensation multiplier on the distorted compensation value 
limiter table 41, (2) The point and (3) which read correction value hn+1(p) ' of a desired distorted compensation 
multiplier from a table 41, and are memorized in the distorted compensation multiplier storage section 22 The point 
and (4) which deleted a comparator 29 and the distorted compensation multiplier amendment section 30 It is **** 
which omitted the delay circuit. Creation of the distorted compensation value limiter table 41 is performed according 
to the following, that is, square value |hn+1(p) |2 of a distorted compensation multiplier become smaller than square 
value ih(n) MAX|2 of a maximum distortion compensation multiplier — as — this distorted compensation multiplier 
hn+ — 1 (p) — 1/m — amending — this correction value hn+1(p) ' (=hn+1(p)/m) — hn+ — it is made to correspond 
to 1 (p) and table-izes. In this case, if |hn+1(p) |2 are smaller than |h(n) MAX|2, will not amend distortion 
compensation multiplier hn+1(p). but it will be made to correspond to hn+1(p) as it is, and will table-ize. 
[0057] distorted compensation processing — setting — the distorted compensation multiplier operation part 27 — 
distorted compensation multiplier hn+ — if 1 (p) calculates — the renewal section 28 of a distorted compensation 
multiplier — this distorted compensation multiplier hn+ — in quest of correction value hn+l(p) ' of a distorted 
compensation multiplier according to 1 (p), it memorizes in the distorted compensation multiplier storage section 22 
from a table 41. Henceforth, on the occasion of the distorted compensation processing to the following sending 
signal X (t), the distorted compensation multiplier [ finishing / amendment / section / 22 / storage ] hn (p) is read, 
error signal E (t) is outputted, and the synthetic section 64 compounds the sending signal and error signal by which 
the DA translation was independently carried out with DA converters 62 and 63, respectively, and inputs them into 
the transmitted power amplifier 21. Under the present circumstances, since it is smaller than maximum distortion 
compensation multiplier h(p) MAX, the distorted compensation multiplier hn (p) does not produce amplitude 
distortion and phase distortion with DA converter 62. 

[0058] (d) 4th example drawing 17 is the block diagram of the 4th example of the distorted compensator which 
compounds the sending signal and error signal of an analog by which the DA translation was carried out 
independently, and is inputted into transmitted power amplifier, and gives the same sign to the same part as drawing " 
1 6 . Although a different point is the location of a table 41 and has formed the table 41 in the preceding paragraph 
of the distorted compensation multiplier storage section 22 in the 3rd example, it has formed the table 41 in the 
latter part of the distorted compensation multiplier storage section 22 in the 4th example. That is, in the 4th 
example, after reading a distorted compensation multiplier from the storage section 22, a table 41 is used and a 
distorted compensation multiplier is amended, distorted compensation processing — setting — the distorted 
compensation multiplier operation part 27 — distorted compensation multiplier hn+ — if 1 (p) calculates — the . 
renewal section 28 of a distorted compensation multiplier — this distorted compensation multiplier hn+ — 1 (p) is 
memorized in the distorted compensation multiplier storage section 22 as it is. And if the distorted compensation 
multiplier hn (p) is read from the storage section 22 on the occasion of the following distorted compensation 
processing of a sending signal x (t) The error signal generating section 61 outputs error signal E (t) in quest of 
amendment distorted compensation multiplier hn (p) ' according to this distorted compensation multiplier hn (p) from 
a table 41. The synthetic section 64 compounds the sending signal and error signal by which the DA translation was 
independently carried out with DA converters 62 and 63. respectively, and inputs them into the transmitted power 
amplifier 21. 

[0059] (e) Although the example 1 st applied to the sending set of a multi-carrier - the 4th example are examples 
applied to the sending set of a single carrier, they are applicable also to the sending set of a multi-carrier. Drawing 
18 is the block diagram of the sending set in the case of transmitting two or more sending signals using a multi- 
carrier signal, and shows the example in the case of carrying out multiplex [ of the four frequencies ] and 
transmitting. The sending signal x1 of each carrier (t), x2 (t), x3 (t), and x4 (t) are respectively changed into an 
analog signal by independent DA converters 711-714, frequency conversion is carried out to the desired carrier 
frequencies f1, f2, f3, and f4 In the frequency-conversion sections 731-734 after passing filters 72 1-724- (refer to (a) 
of drawing 19 ), and frequency multiplex Is carried out in the synthetic section 74. The acquired frequency multiple 
signal (the main signal) SM is compounded with error signal E (t) outputted from the error signal generating section 
61 in the synthetic section 64, and is inputted into the transmitted power amplifier 21. Frequency conversion of a 
part of output of the transmitted power amplifier 21 is carried out to the multiple signal of frequency f1-fO, f2-f0, 
f3-f0. and f4-f0 with a frequency converter 75, and an AD translation is carried out by A-D converter 26 after filter 
76 passage, and it is inputted into the distorted compensation multiplier operation part 27 as feedback signal SF. 
[0060] On the other hand, a sending signal x1 (t), x2 (t). x3 (t), x4 (t) in the frequency shift sections 771-774 expj 
After carrying out the multiplication oft, expj(omega2-omega0) t, expj(omega3-omegaO) t, and the expj(omega4- 
omegaO) t (however, omegan=2pifn) and being given the frequency shift frequency f1-fO, f2-f0, f3-fO, and f4-f0 
(refer to (b) of drawing 1919 ). (omega 1-omegaO) Frequency multiplex is carried out in the synthetic section 78, and 
It inputs into a distorted compensator as a reference sign SR A distorted compensator calculates and outputs a 
reference sign SR and the error signal E which originates in the nonlinear distortion of power amplifier 21 using 
feedback signal SF. DA converter 62 carries out the DA translation of the acquired error signal E, and inputs it Into 
the frequency-conversion section 80 through a filter 79. The frequency-conversion section 80 carries out the 
multiplication of the signal of a frequency fO to an error signal E, and carries out a rise convert at the error signal of 
frequencies f1, f2, f3, and f4. The synthetic section 64 compounds the main signal (sending signal) SM of frequencies 
f1. f2. f3, and f4, and the error signal E of frequencies f1. f2, f3, and f4, and inputs a composite signal into the 



transmitted power amplifier 21. The signal which added the reverse property of nonlinear distortion of amplifier to 
the frequency multiple signal (the main signal) by this is acquired. 

[0061] Drawin g 20 is the 5th example at the time of applying the distorted compensator of the 1st example of 
drawing 13 to the multi-carrier sending set of drawing 18 , and gives the same sign to the same part as drawing 13 
and drawing 18 . However, 701-703 are the delay circuits for timing doubling. Drawing 21 is the 5th example at the 
time of applying the distorted compensator of the 2nd example of drawing 15 to the multi-carrier sending set of 
drawing 18 , and gives the same sign to the same part as drawing 15 and drawing 18 . Drawing 22 is the 7th example 
at the time of applying the distorted compensator of the 3rd example of drawing 16 to the multi-carrier sending set 
of drawing 18 , and gives the same sign to the same part as drawing 1 6 and drawing 1 8 . Drawing 23 is the 8th 
example at the time of applying the distorted compensator of the 4th example of drawing 1 7 to the multi-carrier 
sending set of drawing 18 , and gives the same sign to the same part as drawing 17 and drawing 18 . 
[0062] (f) Example drawing 24 applied to the sending set of another multi-carrier is the block diagram of another 
sending set which transmits two or more sending signals using a multi-carrier signal, and shows the example in the 
case of carrying out multiplex [ of the four frequencies ] and transmitting. The sending signal x1 of each carrier (tX 
x2 (t), x3 (t). and x4 (t) After carrying out the multiplication of expjomegalt, expjomega2t, expjomega3t, and the 
expjomega4t (however, omegan=2pifn) in the frequency shift sections 91 1-914 and being given the frequency shift 
at frequencies f1, f2. f3, and f4 (refer to drawing 25 (a)). It is respectively changed into an analog signal by 
independent DA converters 921-924. and frequency multiplex is carried out in the synthetic section 93. A frequency 
multiple signal is shifted to high-frequency band f0-f1, f0-f2, fO-f3, and f0-f4 in the frequency shift section 100 
after passing a low pass filter 99 (refer to drawing 25 (b)), turns into the main signal SM, and is inputted into the 
synthetic section 64. Henceforth, the frequency multiple signal (the main signal) SM is compounded with the error 
signal E outputted from the error signal generating section 61 in the synthetic section 64, and is inputted into the 
transmitted power amplifier 21. Frequency conversion of a part of output of the transmitted power amplifier 21 is 
carried out to the multiple signal of the low frequency band of frequencies f1. f2. f3. and f4 with a frequency 
converter 94. and an AD translation is carried out by A-D converter 26 after filter 95 passage, and it is inputted Into 
the distorted compensation multiplier operation part 27 as feedback signal SF. 

[0063] Moreover, after frequency synthesis of the output of the frequency shift sections 911-914 is carried out in 
the synthetic section 96, it is inputted into a distorted compensator as a reference sign SR. A distorted 
compensator calculates and outputs a reference sign SR and the error signal E which originates in the nonlinear 
distortion of power amplifier 21 using feedback signal SF. DA converter 62 carries out the DA translation of the 
acquired error signal E. and Inputs it into a frequency converter 98 through a filter 97. A frequency converter 98 
carries out the multiplication of the high-frequency signal of a frequency fO to the error signal E of frequencies f1. 
f2, f3, and f4, and shifts it to high-frequency band fO-f1, f0-f2, f0-f3, and fO-f4. the synthetic section 64 compounds 
the main signal (sending signal) SM and an error signal E, and boils and inputs a composite signal into the 
transmitted power amplifier 21. The signal which added the reverse property of nonlinear distortion of amplifier to 
the frequency multiple signal (the main signal) by this is acquired. 

[0064] Drawing 26 is the 9th example at the time of applying the distorted compensator of the 1st example of 
drawing 13 to the multi-carrier sending set of drawing 24 , and gives the same sign to the same part as drawing 13 
and drawing 24 . However, 901-903 are the delay circuits for timing doubling. Drawing 27 is the 10th example at the 
time of applying the distorted compensator of the 2nd example of drawing 15 to the multi-carrier sending set of 
drawing 24 , and gives the same sign to the same part as drawing 16 and drawing 24 . Drawing 28 is the 1 1th 
example at the time of applying the distorted compensator of the 3rd example of drawing 16 to the multi-carrier 
sending set of drawing 24 . and gives the same sign to the same part as drawing 17 and drawing 2424 . Drawing 29 Is 
the 12th example at the time of applying the distorted compensator of the 4th example of drawing 1717 to the 
multi-carrier sending set of drawing 24 . and gives the same sign to the same part as drawing 15 R> 5 and drawing 
24 . 

[0065] (D) By amending a distorted compensation multiplier, control by the example more than the distorted 
compensator equipped with the amplitude control function of a feedback signal so that the sending signal after 
distorted compensation processing does not exceed a restriction level. However, the amplitude of the feedback 
signal from transmitted power amplifier is controlled by the following examples, and it is made for the sending signal 
after distorted compensation processing not to exceed a restriction level. 

[0066] (a) 1st example drawing 30 is the block diagram of the distorted compensator of the 1st example which 
controls the amplitude of feedback signal y (t) based on the amplitude or power of a sending signal x (t). The device 
with which 21 generates the nonlinear distortion of function f (p) (transmitted power amplifier), The distorted 
compensation multiplier storage section which 22 makes distorted compensation multiplier h (p) which amends 
distortion of transmitted power amplifier correspond to the power p (=|x(t) |2) of a sending signal x (t), and is 
memorized, 23 reads the distorted compensation multiplier hn (p) according to the power p of a sending signal x (t) 
from the storage section 22. The PURIDISU torsion section which performs distorted compensation processing (=x 
(t) *hn(p)) to a sending signal x (t) using this distorted compensation multiplier hn (p), digital sending-signal x (t) * by 
which distorted compensation processing was performed to 24 — the DA converter which changes hn (p) into an 
analog signal — The feedback system to which 25 returns output-signal [ of transmitted power amplifier ] y (t). the 
A-D converter from which 26 changes output-signal, i.e.. feedback signal, y (t) into digital one, The distorted 
compensation multiplier operation part to which 27 calculates distortion compensation multiplier hn+1(p) based on 
the sending signal x before distorted compensation (t), and feedback signal y (t). The power operation part of the 



sending signal in which 31 generates the read~out address / write-in address of the distorted compensation 
multiplier storage section 22, and 81 are amplitude control sections which control the amplitude of feedback signal y 
(t) based on the amplitude of the sending signal x before distorted compensation (t). or power |x(t) |2. 
[0067] Although the distorted compensation multiplier operation part 27 has the same configuration as the distorted 
compensation multiplier operation part shown in drawing 3 . an example and others show only the subtracter 27b 
which calculates difference [ of the sending signal x before distorted compensation (t), and a feedback signal ] e (t) 
as distorted compensation multiplier operation principal part 27'. The amplitude control section 81 saves the 
amplitude of a sending signal x (t). or the correspondence! relation between power and gain, and has gain setting 
section 81a which outputs the gain G according to a sending signal x (t), and multiplier 81b which carries out the 
multiplication of the gain G to feedback signal y (t). The amplitude of an output signal and a phase are not distorted 
in the linearity field of the transmitted power amplifier 21. however, distorted compensation multiplier hn+ which 
difference [ of the sending signal x before distorted compensation (t) and feedback signal y (t) ] e (t) outputs from 
the distorted compensation multiplier operation part 27 by' becoming large In the nonlinear field of the transmitted 
power amplifier 21 — 1 (p) becorries large. This distortion compensation multiplier hn+1(p) Is read in when, and 
distortion compensatory-signal x(t) *hn+1(p) outputs it from the PURIDISU torsion section 23. At this time, it is a 
distorted compensatory signal. If x(t) *hn+l(p) exceeds a DA converter limit, amplitude distortion and phase 
distortion will occur in this DA converter. The above inclination becomes size, so that a sending signal is large. 
Therefore, if any measures are not taken, either, amplitude distortion and phase distortion occur In the nonlinear 
field of power amplifier. 

[0068] Then, in a nonlinear field, the amplitude control section 81 Is controlled so that the amplitude of feedback 
signal y (t) is enlarged based on the sending signal x before distorted compensation (t) and these differences e (t) 
does not become large. If it does in this way, it can prevent that' distortion compensation multiplier hn+1(p) becomes 
large, and distortion compensatory-signal x(t) *hn+1(p) can be prevented from exceeding a DA converter limit, and 
can prevent generating of amplitude distortion or phase distortion. By the way. difference [ of a sending signal x (t) 
and feedback signal y (t) ] e (t) becomes large as the nonlinear degree of transmitted power amplifier becomes large 
(i.e., as the level of the sending signal x before distorted compensation (t) becomes large). Then, the gain and the 
amplitude characteristic (or gain and power property) shown in either for example, of drawing 31 (a) - (c) are set as 
gain setting section 81a. Drawing 31 (a) fixes Gain G to 1 in the linearity field of the transmitted power amplifier 21. 
It is the property which increases gain according to the linear function of the sending-signal amplitude (or power) In 
a nonlinear field. Drawing 31 (b) is a property which increases gain according to the quadratic function of the 
sending-signal amplitude (or power) in a nonlinear field, and drawing 31 (c) Is a property which increases gain in the 
shape of a step according to the sending-signal amplitude (or power) In a nonlinear field, 

[0069] As mentioned above, since the sending signal x before distorted compensation (t) is gain G= 1 in below 
linearity / nonlinear boundary signal level XB, the amplitude control section 81 does not change the level of 
feedback signal y (t). However, if the sending signal x before distorted compensation (t) becomes linearity / more 
than nonlinear boundary signal level XB. Gain G will become large from 1 according to the setting function of gain 
setting section 81a. For this reason, difference e (t) which the amplitude control section 81 outputs the signal of y(t) 
'=G-y (t) and (G> 1), and is outputted from subtracter 27b decreases. Consequently, it can prevent that distortion 
compensation multiplier hn+1(n) becomes large, and distortion compensatory-signal x(t) ♦hn+Kp) can be prevented 
from exceeding a DA converter limit, and can suppress generating of amplitude distortion or phase distortion. Above, 
although the case where it controlled according to the property which shows gain in drawing 31 (a) - (c) In a 
nonlinear field was explained, according to the function of not only these properties but arbitration, gain is 
controllable. Moreover, although the case where Gain G was changed in an instant was explained above, asymptotic 
change may be exponentially carried out to the set point to time amount, or you may make it make It change to the 
set point linearly, getting it blocked — in consideration of the property of power amplifier, and the property of a 
feedback system, the function of Gain G is selected and it determines similarly about the time control of Gain G. 
[0070] They are the 1 st and 2nd modification of the 1st example of this Invention, and before carrying out the AD 
translation of drawing 32 and drawing 33 , they are an example which controls the amplitude of feedback signal y (t) 
In analog. The amplitude control section 81 is formed In the preceding paragraph of A-D converter 26. the gain G of 
variable gain amplifier (VGA: Variable Gain Amplifier) 81c is controlled by drawing 32 according to the level of a 
sending signal x (t), and feedback signal y (t) is amplified and outputted with this variable gain amplifier. After forming 
the amplitude control section 81 in the preceding paragraph of A-D converter 26, controlling the magnitude of 
attenuation of 81 d of variable attenuators (VATT: Variable ATTenater) by drawing 33 according to the level of a 
sending signal x (t) and carrying out specified quantity attenuation of the feedback signal y (t) with this variable 
attenuator, it amplifies and outputs by amplifier 81e of fixed gain. The modification of drawing 32 and drawing 33 is 
applicable also to subsequent examples. 

[0071] (b) 2nd example drawing 34 is the block diagram of the distorted compensator of the 2nd example which 
controls the amplitude of feedback signal y (t), and gives the same sign to the same part as the 1st example of 
drawing 30 . A different point is (1). The point of having formed DAC limit exaggerated **** 82 which detects 
whether the sending signal after distorted compensation having exceeded the DA converter limit LML (R> drawing 2 
2 reference), (2) The point that the amplitude control section 81 controls the amplitude of feedback signal y (t) 
when the sending signal after distorted compensation exceeds the DA converter limit LML. and (3) Fixed gain G for 
which it does not depend on the level of a sending signal x (t) at gain setting section 81a. It is the point that (>1) is 
set up. If sending-signal (distorted compensatory signal) xafter distorted compensation ' (t) exceeds the DA 



converter limit LML, the amplitude will become small while the amplitude and phase of output signal y (t) are 
distorted. Then, for the amplitude control section 81 . DAC limit exaggerated **** 82 will be [ whether the sending 
signal after distorted compensation exceeded the DA converter limit LML, and ] the fixed gain G. if it checks and 
exceeds. The multiplication of (>1) is carried out to feedback signal y (t). Consequently, difference e (t) outputted 
from subtracter 27b decreases, and it is a distorted compensation multiplier. It can prevent that hn+l(n) becomes 
large, a distorted compensatory signal can be prevented from exceeding the DA converter limit LML. and generating 
of amplitude distortion or phase distortion can be suppressed henceforth. 

[0072] (c) 3rd example drawing 35 is the block diagram of the distorted compensator of the 3rd example which 
controls the amplitude of feedback signal y (t) based on the amplitude or power of a sending signal x (t), and gives 
the same sign to the same part as the 2nd example, a different point — (1) The point which does not fix Gain G. and 
(2) The point of having prepared the gain table on which one property of drawing 31 (a) - (c) was set as gain setting 
section 81a, and (3) the point which controls Gain G based on the level of a sending signal x (t) when, as for the 
amplitude control section 81, distorted compensatory-signal x' (t) exceeds the DA converter limit LML — It comes 
out Distorted compensatory-signal x' (t) which outputs DAC limit exaggerated **** 82 from the PURIDISU torsion 
section 23 is confirming whether the DAC limit LML was exceeded. If distorted compensatory-signal x' (t) is the 
vajue of DA converter limit within the limits, gain setting section 81a of the amplitude control section 81 will output 
G- 1 , and will not change the amplitude of a feedback signal. 

[0073] However, if distorted compensatory-signal x' (t) exceeds a DA converter limit, DAC limit exaggerated **** 
82 will direct a gain change to the anriplitude control section 81. Thereby, from a gain table (not shown), gain setting 
section 81a reads the gain G (> 1) according to the level of a sending signal x (t), and inputs it into multiplier 81b. 
Multiplier 81b carries out the multiplication of the gain G (> 1) to feedback signal y (t), and outputs signal y(t) ' (=G- 
y (t)). Difference e (t) outputted from subtracter 27b decreases, distortion compensation multiplier hn+1(n) does not 
become large, but a distorted compensatory signal stops exceeding a DA converter limit, and amplitude distortion 
and phase distortion stop consequently, generating it According to the 3rd example, since gain is controlled based 
on the level of a sending signal x (t), compared with the 2nd example of gain immobilization, generating prevention 
control of fine amplitude distortion and phase distortion is attained. 

[0074] (d) 4th example drawing 36 is the block diagram of. the distorted compensator of the 4th example which 
controls the amplitude of feedback signal y (t) based on the amplitude or power of a sending signal x (t), and gives 
the same sign to the same part as the 3rd example. A different point is (1). The point that the multiplier 83 which 
carries out power |x(t) |2 of the sending signal x before distorted compensation (t) k times (k is constant value) is 
formed. (2) The point that the operation part 84 which calculates power |x'(t) |2 of distorted compensatory-signal 
x' (t) is formed. (3) The point that the operation part 85 which calculates the k times as many difference of sending- 
signal power k and |x(t) |2. and power |x'(t) |2 of a distorted compensatory signal as this is formed. (4) When power 
|x'(t) 12 of a distorted compensatory signal are larger than sending-signal power k and |x(t) |2 k times as many as 
this, the point of having formed the difference signal-processing section 86 which directs initiation of the amplitude 
control of feedback signal y (t), and (5) the point that the amplitude control section 81 performs amplitude control of 
feedback signal y (t) with amplitude-control initiation directions — it comes out. In addition, k is the average of the 
distorted compensation multiplier memorized by the distorted compensation multiplier storage section 22. or the 
constant value according to the class of power amplifier 21. 

[0075] Drawing 37 is the processing flow of the whole distorted compensator of the 4th example. Distorted 
compensatory-signal x' (t) which outputs DAC limit exaggerated **** 82 from the PURIDISU torsion section 23 is 
confirming whether the DAC limit LML was exceeded (step 101). If distorted compensatory-signal x' (t) is the value 
of DA converter limit within the limits, gain setting section 81a of the amplitude control section 81 will output G= 1, 
and will not change the amplitude of a feedback signal. However, if distorted compensatory-signal x' (t) exceeds a 
DA converter limit DAC limit exaggerated **** 82 will direct the operation of power |x'(t) |2 of a distorted 
compensatory signal to operation part 84. Thereby, operation part 84 calculates power |x'(t) |2 of a distorted 
compensatory signal (step 102). Moreover, the power operation part 31 calculates power |x(t) |2 of a sending signal, 
and the multiplication section 83 calculates k and |x(t) |2 (step 103.104). subsequently, the operation part 85 — a ' 
degree type — d=|x'(t) |2-k and |x(t) |2 (1) is calculated and the result of an operation d is inputted into the 
difference signal-processing section 86. The difference signal-processing section 86 is d=|x'(t) |2-k and |x(t) |2>0. It 
confirms whether to be (2) (step 105), and if it is "YES", renewal of gain will be directed to the amplitude control 
section 81. Thereby, from a gain table, gain setting section 81a of the amplitude control section 81 reads the gain G 
0 1) according to the level of a sending signal x (t). and inputs it into multiplier 81b (step 106). 
[0076] Henceforth, multiplier 81b carries out the multiplication of the gain G (> 1) to feedback signal y (t). and 
outputs signal y(t) ' (=G-y (t)). Difference e (t) outputted from subtracter 27b decreases, distortion compensation 
multiplier hn+1(n) does not become large, but a distorted compensatory signal stops exceeding a DA converter limit 
and amplitude distortion and phase distortion stop consequently, generating it although the power difference d of a' 
sending signal and a distorted compensatory signal was calculated by operation part 85, gain was changed based on 
this power difference and amplitude control of a feedback signal was carried out in the above explanation — the 
amplitude difference of a sending signal and a distorted compensatory signal — being based — gain — changing — 
the amplitude control of a feedback signal — It can also carry out As mentioned above, according to the 4th 
example, distorted compensatory-signal x' (t) exceeds a DAC limit, and only when a sending signal x (t) and the 
difference of distorted compensatory-signal x' (t) become large. Gain G Is controlled based on the amplitude or 
power of a sending signal x (t). For this reason, since the very required time is discerned, gain is controlled, and gain 



control is not carried out when unnecessary, inhibitory control of finer amplitude distortion and phase distortion can 
be performed. 

[0077] Drawing 38 is the 1 st modification of the 4th example, and gives the same sign to the same part as the 4th 
example. A different point is (1). When a formula (2) is materialized (d> 0), while the difference signal-processing 
section 86 directs initiation of the amplitude control of a feedback signal to the amplitude control section 81 the 
point of directing a distorted compensation multiplier operation halt to the distorted compensation multiplier 
operation part 27 when the difference d exceeds a threshold DTH, and (2) the point that the distorted compensation 
multiplier operation part 27 stops the operation/renewal of a distorted compensation multiplier with an operation 
stop order — it comes out If d becomes large beyond a threshold DTH, the effectiveness over distorted 
compensation of the distorted compensation multiplier then calculated will become doubtful. That is, the reliability of 
a distorted compensation multiplier becomes weak. Then, a distorted compensation multiplier is not updated but a 
distorted compensatory signal is generated with the distorted compensation multiplier obtained by then after that 
until it becomes d<DTH. when this difference d becomes large beyond a threshold DTH. 

[0078] Now, with [ d of a k times as many sending-signal power |x(t) |2 and distorted compensation signal power 
|x'(t) 1(1) which is difference of 2 type as this ] zero [ or less ] (d<=0), even if distorted compensatory-signal x' (t) is 
over the DAC limit, gain setting section 81a inputs G= 1 into multiplier 81b, and does not change the amplitude of 
feedback signal y (t). However, if distorted compensatory-signal x' (t) exceeds a DAC limit and it is set to d> 0, gain 
setting section 81a will read the gain GOD according to a sending signal x (t) from a gain table, and will input it 
Into multiplier 81b. Multiplier 81b carries out the multiplication of the gain GO 1) to feedback signal y (t). and 
outputs signal y(t) ' (=G-y (t)). Difference e (t) outputted from subtracter 27b decreases, distortion compensation 
multiplier hn+1(n) does, not become large, but a distorted compensatory signal stops exceeding a DA converter limit, 
and amplitude distortion and phase distortion stop consequently, generating it. Moreover, if Difference d becomes 
still larger and becomes beyond a threshold DTH. the difference signal-processing section 86 directs a distorted 
compensation multiplier operation halt to the distorted compensation multiplier operation part 27. Thereby, the 
distorted compensation multiplier operation part 27 suspends a distorted compensation multiplier operation, and 
does not update a distorted compensation multiplier. Above, like, since it was made to stop renewal of a distorted 
compensation multiplier when the difference d of k times as many sending-signal power as this and distorted 
compensation signal power became large beyond a threshold DTH, it can prevent that effectiveness becomes a 
doubtful value in a {iistorted compensation multiplier. 

[0079] Drawing 39 is the 2nd modification of the 4th example, and gives the same sign to the same part as the 4th 
example. A different point is (1). The point of having prepared 27g of mu generating sections which generate the 
step size parameter mu used for a distorted compensation multiplier operation, (2) The point of having inputted the 
difference d into 27g of mu generating sections while the difference signal-processing section 86 directs initiation of 
the amplitude control of a feedback signal to the amplitude control section 81 when a formula (2) Is materialized (d> 
0), (3) the point that 27g of mu generating sections controls the step size parameter mu based on the value of 
Difference d — it comes out As shown in drawing 40 , convergence time amount becomes short, so that 
convergence time amount until it finishes compensating distortion so that it may fill necessary [ ACPR ] is large 
depending on the magnitude of the step size parameter mu. However, if mu isJarge, the stability near the desired 
value will worsen. Then, the value of mu is controlled based on the magnitude of Difference d, and convergence time 
amount is shortened, taking the stability of convergence of a linear riser into consideration. For example. Difference 
d exceeds a threshold, if it Is In a situation which a distortion compensation control system emits, the value of mu 
will be enlarged and emission will be prevented quickly, good also as fixed [ In Gain G ] at this time — it carries out 
and corresponds to the value of mu — as — being dynamic (following for example, a primary function) — you may 
control. Moreover, if Difference d decreases, according to it. it will decrease and mu will be returned to a stationary 
value. If it does in this way, it is controllable so that difference e (t) outputted from subtracter 27b is made small for 
a short time and distorted compensation signal amplitude does not exceed limiting value. 

[0080] (e) Although the 5th example 1st - the 4th example are examples applied to the sending set of a single 
carrier, they are applicable also to the sending set of a multi-carrier. Drawing 41 is the block diagram of the 
distorted compensator In the case of transmitting two or more sending signals using a multi-carrier signal (multi- 
carrier linear riser), and shows the example in the case of carrying out multiplex [ of the four frequencies ] and 
transmitting. Each digital sending signal x1 (t), x2 (t), x3 (t). and x4 (t) in the frequency shift sections 51-54 exp 
(jomegaone t). After carrying out the multiplication of exp (jomegatwo t), exp Gomegathree t), and the exp 
Oomegafour t) (omegan=2pifn) and being given a frequency shift at frequencies f1. f2. f3, and f4. frequency multiplex 
Is carried out in the synthetic section 55. This digital frequency multiple signal corresponds to the sending signal x 
(t) in the distorted compensator ( drawing 30 ) of a single carrier, and the same distorted compensation processing 
as the case of a single carrier is performed henceforth. Drawing 42 is the effectiveness explanatory view of a multi- 
carrier linear riser, and a spectrum property [ a continuous line ] without distorted compensation and a dotted line 
are spectrum properties with distorted compensation. In addition, similarly, although drawing 41 Is the example which 
constituted the distorted compensator of the 1st example so that multi-carrier transmission might be possible, it 
can constitute the distorted compensator of the 2nd - the 4th example so that multi-carrier transmission may be 
possible. 

[0081] (f) Although it is the example applied to the distorted compensator which carries out the multiplication of the 
distorted compensation multiplier hn (p) to a sending signal x (t). generates distorted compensatory-signal x' (t) in 
the 1st of the 6th more than example - the 5th example, and Is Inputted into the transmitted power amplifier 21 



After carrying out the DA translation of each of distorted component (error signal) E (t) added to the main signal 
(sending signal) (t) x and this sending signal independently, it is applicable also to the distorted compensator which is 
compounded and is inputted into transmitted power amplifier. Drawing 43 is the block diagram of the 6th example of 
the distorted compensator which compounds the sending signal of an analog, and error signal E (t). and gives the 
same sign to the same part as an old example. The device with which 21 generate the nonlinear distortion of 
functipn f (p) among drawing (transmitted power amplifier), The distorted compensation multiplier storage section 
which 22 makes distorted compensation multiplier h (p) which amends distortion of transmitted power amplifier 
correspond to the power p (=|x(t) |2) of a sending signal x (t), and is memorized, The PURIDISU torsion section to 
which 23 outputs a distorted compensatory signal, the feedback system to which 25 returns output signal [ of 
transmitted power amplifier ] y (t), The A-D converter from which 26 changes feedback signal y (t) into digital one, 
The distorted compensation multiplier operation part to which 27 calculates distortion compensation multiplier hn+1 
(p) based on the sending signal x before distorted compensation (t). and feedback signal y (t). The power operation 
part of the sending signal in which 31 generates the read-out address / write-in address of the distorted 
compensation multiplier storage section 22, and 81 are amplitude control sections which control the amplitude of 
feedback signal y (t) based on the amplitude or power of a sending signal x (t) before distorted compensation. The 
above configuration is the same as that of the 1st example of drawing 30 . and each part operates like the 1st 
example. 

[0082] In the PURIDISU torsion section 23. 61 is the error signal generating section. The distorted compensation 
multiplier hn according to power |x(t) |2 of a sending signal (p) is read from the storage section 22. It has subtracter 
61b which outputs error signal E (t) which is the difference of this distorted compensation multiplier hn (multiplier 
61a which carries out the multiplication of p) to a sending signal x (t), output signal x(t) *hn(p of a multiplier), and a 
sending signal x (t). The DA converter from which 62 changes digital error signal E (t) into an analog, the DA 
converter from which 63 changes a sending signal (the main signal) (t) x into an analog, and 64 are the synthetic 
sections which compound and output error signal [ of the sending-signal x (t) analog of an analog ] E (t). 
[0083] On the occasion of the distorted compensation processing to a sending signal x (t). from the storage section 
22, the error signal generating section 61 reads the distorted compensation multiplier hn (p), outputs error signal E 
(t), and the synthetic section 64 compounds the main signal (sending signal) and error signal of an analog by which 
the DA translation was independently carried out with DA converters 62 and 63, respectively, and it inputs it into 
the transmitted power amplifier 21. Since the amplitude of an error signal is small, its big dynamic range is 
unnecessary to DA converter 63 which bit precision of DA converter 62 which outputs only an error signal can be 
made low. and outputs only a sending signal, and it can make bit precision of this DA converter low. A sending signal 
X (t) makes the amplitude control section 81 gain G= 1 with below linearity / nonlinear boundary signal level XB 
(refer to drawing 31 ), and it does not change but inputs the level of feedback signal y (t) into the distorted 
compensation multiplier operation part 27 as it is. The distorted compensation multiplier operation part 27 calculates 
difference [ of a sending signal x (t) and feedback signal y (t) ] e (t), calculates distortion compensation multiplier 
hn+1(p) based on this difference e (t). and stores it in the distorted compensation multiplier storage section 22. On 
the other hand, if a sending signal x (t) becomes linearity / more than nonlinear boundary signal level XB, the 
amplitude control section 81 will control Gain G according to a sending signal x (t), and will set it to G> 1. For this 
reason, even if a sending signal x (t) becomes linearity / more than nonlinear boundary signal level XB, output signal 
y (t) becomes small and difference e (t) becomes large, the amplitude control section 81 decreases immediately 
difference e (t) which outputs the signal of y(t) '=G-y (t) and (G> 1 ). and is outputted from subtracter 27b. 
Consequently, it can prevent that distortion compensation multiplier hn+l(n) becomes large, a distorted 
compensatory signal can be prevented from exceeding a DA converter limit, and generating of amplitude distortion 
or phase distortion can be suppressed. 

[0084] Although the 6th example Is an example applied to the sending set of a single carrier, it is applicable also to 
the sending set of a multi-carrier. Drawing 44 is the block diagram of the sending set which transmits two or more 
sending signals using a multi-carrier signal, is the example which applied the multi-carrier configuration of drawing 
2^ to the 6th example of drawing 43 , and gives the same sign to the same part, drawing 44 — setting — each 
digital sending-signal x1 (t) - the 2nd frequency multiplex section 93 which changes and carries out multiplex [ of 
the 1st frequency multiplex section 96 which performs and carries out multiplex / of the digital frequency shift 
operation decided by carrier spacing / to x4 (t), and makes this frequency multiple signal a digital sending signal, and 
said each frequency shift signal ] to an analog signal with DA converters 921-924, and makes this frequency multiple 
signal the sending signal of an analog is formed. An error signal E is generated based on the digital sending signal SR 
by which frequency multiplex was carried out. the error signal generating section 61 changes this error signal into an 
analog signal, the synthetic section 64 compounds the sending signal SM of a DA converter output and an analog, 
and DA converter 62 inputs it into the transmitted power amplifier 21. As mentioned above, although the example 
explained this invention, according to the main point of this invention indicated to the claim, various deformation is 
possible for this invention, and this invention does not eliminate these. 
[0085] 

[Effect of the Invention] Above, since the magnitude of a distorted compensation multiplier is amended with the 
phase maintained, even if it carries out amplitude limiting of it, phase flattery is attained in advance, so that the 
input amplitude of a DA converter may not exceed the limit of a DA converter according to this invention. 
Consequently, when not carrying out distorted compensation, a distorted property is not degraded above. Moreover, 
according to this invention, in advance, since the magnitude of a distorted compensation multiplier is amended with 



the phase maintained, even if it carries out amplitude limiting of it. phase flattery is attained, so that the upper limit 
power by which the power of the sending signal after distorted compensation is permitted may not be exceeded. 
Moreover, according to this Invention, by table-izing correction value of a distorted compensation multiplier 
beforehand, a comparison operation and correction value data processing can be made unnecessary, and a 
configuration can be made simple, and correction value can be calculated easily. 

[0086] Moreover, according to this invention, it can ask for the division which is needed on the occasion of 
correction value calculation easily by the bit shift by approximating a denominator by the radicand of 2. Moreover, 
since correspondence of the amplitude (or power) of the sending signal before distorted compensation and gain is 
tableHzed, the gain according to the actual sending-signal amplitude or power is searched for from a table and the 
amplitude of the feedback signal from transmitted power amplifier was controlled based on this gain, the amplitude 
of a distorted compensatory signal can be prevented from exceeding limiting value with a feedforward method 
according to this invention. Consequently, it becomes possible to lose that the significant component (the amplitude 
and phase) of a signal is missing, and to carry out distortion compensation to stability by the easy configuration. 
[0087] Moreover, according to this invention, when the amplitude of a distorted compensatory signal (sending signal 
after distorted compensation) exceeds limiting value, gain is enlarged, the amplitude of this feedback signal is 
controlled so that the difference of a sending signal and the feedback signal from transmitted power amplifier 
becomes small, and it prevents that a distorted compensation multiplier becomes large. Consequently, henceforth, 
distorted compensation signal amplitude can be prevented from exceeding limiting value, it is lost that the significant 
component (the amplitude and phase) of a signal is missing, and it becomes possible to carry out distortion 
compensation to stability. In this case. If amplitude control can be easily performed If Gain G is fixed to one or more 
constant value, and gain G is table-ized and it controls according to a sending signal, generiating prevention control 
of fine amplitude distortion and phase distortion will be attained. ... 
[0088] Moreover, according to this invention, since the very required time is discerned, gain control is carried out, 
since Gain G was controlled based on the level of a sending signal, and gain control is not carried out when . 
unnecessary only when the .difference of the sending signal before distorted compensation and a distorted 
compensatory signal becomes large. Inhibitory control of finer amplitude distortion and phase distortion can be 
performed. Moreover, according to this invention, since It was made to stop renewal of a distorted compensation 
multiplier when the difference of the sending signal before distorted compensation and a distorted compensatory 
signal became large beyond a threshold, it can prevent that a distorted compensation multiplier becomes a doubtful 
value effectively. Moreover, according to this invention, since the magnitude of mii which is the parameter of 
renewal of a distorted compensation multiplier was controlled based on the difference of the sending signal before 
distorted compensation, and a distorted compensatory signal, convergence time amount can be shortened, taking 
the stability of convergence of a linear riser into consideration. For example, by the above-mentioned difference's 
exceeding a threshold, and decreasing and returning mu to a stationary value according to it, if the value of mu will 
be enlarged, emission will be quickly prevented, if It is in a situation which a distortion compensation control system 
emits, and a difference decreases, maintaining convergency and stability, it is controllable so that distorted 
compensation signal amplitude does not exceed limiting value. 

[0089] Moreover, according to this invention, it is (1 ). The 1 st distorted compensation method which carries out the 
multiplication of the distorted compensation multiplier to a sending signal, and is inputted into a distorted device, 
And (2) The difference of the signal and sending signal which were obtained by carrying out the multiplication of the 
distorted compensation multiplier to a reference sign (sending signal) is generated as an error signal, and it can 
apply to both 2nd distorted compensation method which carries out the DA translation of an error signal and the 
main signal (sending signal) separately, compounds them, and Is inputted Into a distorted device. Moreover, 
according to this invention, it is applicable to'both the sending set of a single carrier, or the sending set of a multi- 
carrier. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the outline block diagram of the single carrier type distorted compensator of this invention. 

[Drawing 2] It is the principle explanatory view of this invention. 

[Drawing 3] It is the block diagram of the 1st example of this invention. 

[Drawing 4] It is the block diagram of the 2nd example of this invention. 

[Drawing 5] It is the block diagram of the 3rd example of this invention. 

[Drawing 6] It is the block diagram of the 4th example of this invention. 

[Drawing 7] It is the block diagram of the 5th example of this invention. 

[Drawing 8] It is the block diagram of the 6th example of this invention. 

[Drawing 9] It is the block diagram which added the distorted compensator to the multi-carrier type sending set 

[Drawing 10] It is the block diagram (the 7th example) of a multi-carrier type distorted compensator. 

[Drawing 11] It is the block diagram (the 8th example) of a multi-carrier type distorted compensator. 

[Drawing 12] It is the block diagram (the 9th example) of a multi-carrier type distorted compensator. 

[Drawing 13] It Is the 1st example which compounds the sending signal and error signal of an analog and is inputted 

into a distorted device. 

[Drawing 14] It is the principle explanatory view of this invention. 

[Drawing 1 5] It is the 2nd example which compounds the sending signal and error signal of an analog and is inputted 
into a distorted device. 

[Drawing 16] It is the 3rd example which compounds the sending signal and error signal of an analog and is inputted 
into a distorted device. 

[Drawing 1 7] It is the 4th example which compounds the sending signal and error signal of an analog and is inputted 

into a distorted device. 

[Drawing 18] It is the block diagram which added the distorted compensator to the multi-carrier type sending set 
[Drawing 19] It is a frequency^conversion explanatory view. 

[Drawing 20] It is the block diagram (the 5th example) of a multi-carrier type distorted compensator. 

[Drawing 21] It is the block diagram (the 6th example) of a multi-carrier type distorted compensator. 

[Drawing 22] It is the block diagram (the 7th exarinple) of a multi-carrier type distorted compensator. 

[Drawing 23] It is the block diagram (the 8th example) of a multi-carrier type distorted compensator. 

[Drawing 24] It is the block diagram which added the distorted compensator to another multi-carrier type sending 

set <BR> [Drawing 25] It is a frequency-conversion explanatory view. 

[Drawing 26] It is the block diagram (the 9th example) of a multi-carrier type distorted compensator. 
[Drawing 27] It is the block diagram (the 10th example) of a multi-carrier type distorted compensator. . 
[Drawing 28] It is the block diagram (the 1 1th example) of a multi-carrier type distorted compensator. 
[Drawing 29] It is the block diagram (the 1 2th example) of a multi-carrier type distorted compensator. 
[Drawing 30] It is the 1 st example of the distorted compensator equipped with the amplitude control function of a 
feedback signal. 

[Drawing 31] It is the related explanatory view of the sending-signal amplitude (power) and gain. 
[Drawing 32] It is the 1 st modification of the 1 st example. 
[Drawing 33] It is the 2nd modification of the 1st example. 

[Drawing 34] It is the 2nd example of the distorted compensator equipped with the amplitude control function of a 
feedback signal.- 

[Drawing 35] It iis the 3rd example of the distorted compensator equipped with the amplitude control function of a 
feedback signal. 

[Drawing 36] It is the 4th example of the distorted compensator equipped with the amplitude control function of a 
feedback signal. 

[Drawing 37] It is the processing flow of the 4th whole example. 
[Drawing 38] It is the 1 st modification of the 4th example. 
[Drawing 39] It is the 2nd modification of the 4th example. 

[Drawing 40] It is the related explanatory view of mu value and convergence time amount 

[Drawing 41] It is the example of a configuration which added the distorted compensator of this invention to the 
multi-carrier type sending set 

[Drawing 42] It is the example of effectiveness of a multi-carrier linear riser. 



[Drawing 43] It is the 6th example of the distorted compensator equipped with the amplitude control function of a 
feedback signal. 

[Drawing 44] It is the block diagram of a multi-carrier type sending set. 
[Drawing 45] It is the block diagram of the conventional sending set. 

[Drawing 46] It is a trouble explanatory view by the nonlinearity of transmitted power amplifier. 
[Drawing 47] It is the effectiveness property explanatory view of power amplifier. 

[Drawing 48] It is the block diagram of the sending set equipped with the conventional digital nonlinear mold 
distorted compensation function. 

[Drawing 49] It is the functional block diagram of the compensation section, 

[Drawing 50] It is a distorted compensation processing explanatory view by the adaptation LMS algorithm. 
[Drawing 51] It is the block diagram of the whole sending set which carried out complex representation to x(t) =I(t) 
+jQ(t). 

[Drawing 52] It is the trouble explanatory view of the conventional distorted compensator. 
[Description of Notations] 

21 .. Distorted device (transmitted power amplifier) 

22 Distorted compensation multiplier storage section 

23 .. PURIDISU torsion section 

24 DA converter 

25 .. Feedback system 

26 A-D converter 

27 Distorted compensation multiplier operation part 

28 .. Renewal section of a distorted compensation multiplier 

29 .. Comparator 

30 .. Distorted compensation multiplier amendment section 

31 .. Power operation part 
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m, 15n, 1 5 ptijl^gPT-feO, 3M«M-^x (t)A^ 

xt}LTii^iE>mmmmiMmy(t)tmmm i 5 gtcA;*] 

■rsST©jl®^S*A*fi^»i:#A0-r5o 15f. 1 

5 h~i 5 j imniMM^i e^m^-tZo u(t){±^ 

h n (p) = h n-1 (,p)+ fi e (t) u * (t) 
e (t)=x (t)-y (t) 
y(t)=h„.i (p)x(t)f(p) 

u(t)=x(t) f (p)=h'„.i (p)y(t) .40 
P=rx(t)|2 fcfcL. X. y. f, h, u. eliW. 

ici:^. mmm^ x (t) tmsmmm^y (t)©M e (o 

t>m'\^ t ^ 5 j; -5 »c Mffi«^ISh (p) *^Mir 5 n, SiislW 

[0 0 .1 13 us Hi X (t)= I (t)+ j Q(t)t LTS 
ilLfcjil#SS<0^(*'^Pfi!tST'fet). 134 8. 05 0 



12 

Co 0 12] 

t'^^p]mic s c> T'fe 5c '^mmt)m'm^itmaic ^ 

tciao^^^^T'ffifflf S h „ (p)ti^^^mi>c:Kt 

<*5o C£D;rci6, ^ffl«^t©HI«^^x (t)»h(p)(n± 

CO 0 1 3] mszim^n^mm^mor^mMi^mm 

X'iaK). ^^LM^iDASgSig3^03'"1':^5<V^^'>i?(DA 

->3 >'g|5A>5>tB^)-rSiS{i{i-^x (t)*h„ (p)^Ol^--<;bA^D 
A^i^gg'J = hLMcDF«3(PJJli:#^E-rntfM{ifg^L^ 
l/S L A- m^^Vmc J; x (t) ic^t^ 

^ffl«<l^hn,i (p)A<;^€<%Si:, la^^-f S<t 3 1 x' 
(t)*h„*i (p)A^DAaj^ggU5-y hLM^MXs ^HA^DA^ 

coo 1 4] t^t>-^. a±liii|i8l<D#i^}K©S^V>A^ 

i:LTU^StctMtpe.-r. !lSia{i-^y (t)©SifiA^;*:^ 
<^e.-r. ffiZEStoiSfi^^x (t)i:!)ijl<i-^i:cDgifi 
M e (t) A^;«c$ < mm^t'^iK^ < %ntf2i*i«a5 

Mtc^ffi^ e (t) AVJnS < ;S:S 5 JCMffifStf-ISh 
n.i (p)*::tt<-r5<. C©*gm. ®««m©fi^ai|i;£: 
HfctgiD^-BrSo fi^JgHA^SUKfii (DA^Jfii 

g|30US-y hLM) ;&@x.TU$3o ^©fc^WSffl* 



(8) 
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[0 0 15] J.X±A^?.*fSRI©Se^a^ DA^^§§£DA:^ 
gi|iSiJ|5iLT*.M*^^^UiS:l/^<fc'5tcLT{fitB 

b;tS*1ijELs cine J:!?. JgliBSMLTfefii 

[0 0 16] *ieB^£DsijiDSW{±. (1) mmmm^mm 20 
1/(2) mmm^ cmmm^) icmmmmm^mwvrm 

[0 0 17] 

[li®*8?}*-r5fc460^IS] ±fSiiMti*^H^lcJ:n so 
«r«i1t bfcS ^/J^^ < J; IcIfilE LTl31iaJtc|B1S 

[0 0 18] ±mmmii^^micj;:ni£. mimm^h 
n*i (p) ff^mm t tirm^mm^si^mcmmt^wsK > 

Si*«««^X (t)*h„.. (p)<D/^y-| X (t)*hn.l (p)|2 

A^DA^^iiOBS^±PS'' Pniax^M X 5 *^»ti} tela 

}fLfc$S'J^^<*5J;•5^c^iIEL rfBttSUtc fBtef ^ 
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$/J^^ < *S J: -5 tc*IIE LTlBltSPlcfHIg-t So «±0 

J: -5 tc^na\ gi?i{Sfi^(DA^3^g§A;^j)*^DA^«i§'j 

■fe. Sti«^hmi (p)<Dteffl^ffiJf LfcSS-^0:»C# 

^^/J^^<•r?>^,©T•$.s/c: toffita rIhIc * s „ 

[0 0 19] ±IBSMt±*5IWlC*ntf, ll««tt<D^ 

o 7 -T - hv ^ -y ^7 {l^©tiilii^MtW-r 5 ci i: ic J; ») Jifiic 
^nSo >'^B#ic:7i'-H>'Vyi7€^©Jfi|ii*:;'!: 

y-Y y ICS-^V>T7 ^' - hVS -y ^/ffi^Ofiili^SiJSS-r 5 

[0020] f^. *fg0^(±. (1) mmmmcmm^m. 
^mwi^rmmt^m I (ommmys^. Rt>*(2) #^ 

[0 0 2 1] 

i^mcommnmm] (a) *^b^oes 

(a) «RS1«fi!c 
@ 1 li*5£B«<D«B§«fiK0T^D, 2 1 ttMIS f (p)0 
I^IS)^S^fl*-rs7"/Wx (JMfiS:'ati*ig5) ^ 2 2 
liiMfim^tiiHglOM^tiiE-rs^Jfm^h (p)^3M 

<ifi-^x (oo/^v-p (=1 X (t)i2)icm2-a-TiEi«-r 
snitmfsfetsap, 2 3 nmmmm x (t)®^^^- p 
tcrs i; fcmmmm^ h „ (p) ^sriensB 2 2 *^ es^^m 

i/'^;l'©Jg{ifi^x Whn {p)^T-ru'^'mmc^^f 

s D A^^gg. 2 5 iim{Emtim<^m<Diiitim%y (t) 

^!)S31-rS!l§jl?S. 2 6li:7-<— bV^-y^'fi^^-r-Ti^ 
^'7l't^«i-r 5 A D^^fg, 2 7 tiUffifllHuOjMfifi-^ 
X (t) 7 - F A -y ^{t^^c»•::5^,^Tfi^l««^l?!( h 

(p)^?i§»-rs^?i«e^i^is^gii, 2 8i,mm^rirzm 
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[0 0 2 2] 2 9ii.ii,n^-v\ mmm^MMS^z ix- 
m.m-^nrzmm%WL h n»i (p) ^fienas 2 2 tciEn-r 5 

T^U x-f- X h— > 3 VgP 2 3 J; 6 ffi^}*nST'£5 -5 

fiffi-^©^^'7-Pa(=| X (t)*hn.i (p)p)i:D A^i^gl 

Pmax%Jt«-r5 fe©. 3 0 {i^ffifS^ffilESC, ■ 3 1 

itmrnmrn'^m.^ 2 2 oms^w lt k ux/^^jii^ii 10 

[002 3] ( b ) *%BJ<DllS§iW 
)V'f-ifCr>.\£"j M&feU<l±DA^^g§2 4©Vf-y hlif 

i:-r5o lll2^c*5^^T, i^^o/J^^^/^Ea^LMs^iDA^^ 
wi<o-^mm^-^ X (t) h KisiMM^o/^-?— jcjsi: 

/::^ffi«<llSc^iu.(p)i:-rsfc, ^Ux<i'Xh-s/3>'' 
gp 2 3 *^ ?) ttl:ti-r S X (t) * h n (p) i: So 

co^ifiie^x (t)*hn (x>)mtm.m^^) = -y hucst 

tBT-fe5 3 t feDA^g5§§ U 5 -y MMl S Jl i: 

[00 2 4] L*^ SM^ f (p) cDf^^T-jllftm;^)*! so 
H§§2 1 cDttl;bJi'li*^;«c#<^5i:. MMtiSu'OjMfKt 
■^x (t)i:7-f'-^K>':-y^>fi^oMA^:*:t<%t»s 
{B^lg[?glEa5 2 7*>e>tH:^-rs^?fmah»*i (p)*^± 

3^K>mn^m^ x(t)*hn*i (p)A^ttj:t;-rso cot 

m^mm^ x(t)*hn». (p)*^DASgSSU5-y hub 
«:«S;i5i:KDA^g5Sf<:4oV>TS<iMs' ffitB^*^fi*-r 

ffiil-r -5 O i: L i: # , ^Mil * 0 ^# c, n S fi-^ x 
(t) * h „.i (p) A^DA^Iftgi© U 5 -y h i) *^»H3k:ia 

tf. DASJft«§A**^«'lBiiJ(l*nTDA^^SU = -y hLM 
^fi!t^iit£:6^Rj.«l(C^:So so 
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. [0 0 2 5] (c) tgi|ii$ijmj:J;SSi|iSiJPI 

S$!thn.i (p)^ffl^.^fcM^^«Sas^cJ;'^7•'J7'^'X^- 
v'a>gP2 3 J;*5m:^sn5T'.^5^Mlfffl{i^x (t)» 
h«i (p) iiDA^Jftgg'J 5 -y h lib fcit*i-r So X, MM 
{i^liJ^ffllEgP 3 0 X (t) * h n.i (p) *^DA^^f§ U = -y 
hLMs J:t)/jN$<;S:S j;-5ti:S*iffimh„.i (p)^ 1 /m 

tc*iiE-r So mn^%tsiwsm 2 s «^iif x (o* 

hn*i (p)*^DA^^§§U5-y hLMs<J;Oy^$(tntf. ^ti 

iE$nfc^*i«#.igih„.i {s>)/m^m.nmkmm^ 2 

2{i:fSiiL, />?ttntf*IIEL*v>M*«mSS[hn.i (p) 

^^o$ss?i««S{ieif.gi52 2tufgti-rso i^x X 

(t)*h„,i (p)mSlgiaT'SSfci6. -fiStr-^O (d) <D 

So 

[0 0 2 6] m.mm\c^^m.mum 
±fH(c) T'(iii:gDA^g5tgoA:^i^^lii|ii*$iJ^L, ' 
Wmmi3^mkmk^)^.'yY LlibtciR*S<k-5t<:«iJ»-rs 
«-a-T-feSA^ ^*l«©^x (t)*hn.i (p)©-'W- |x 
(t) * h ml (p) 1 2 *«DASi^§g<D±l®/ ^ y -Praaxt^T ^ S 
J: o \nm^m%WL^^TE LT^iHA^DA^^U 5 -y hLMs 
tcS-rs^S^SP3ECIR»ciR$S J: a »J:$!HBi-r S C «, 
T'#So !b^*^S«-&. J±l5g|5 2 Qti^ffitm^hn*. (p) 

^t^s o /cB#. ss*stt<ii!f ^leMgp 2 2 tctsti-r s w 
^fflmtihn-i (p)«rffiv^fc^ffi{a5astcj:»?yy 

X -T X h - i/ 3 2 3 J; D tti ^ n S T* S -5 
fi^O-'^y— Pa(=| x (t)*hn*i (p)|2)i:DA^^§g2 4 
0±|5S/W-Pmax*J±«-rSo X, ^*ffll«Sf«!iES|J 
3 0 a. |x(t)*hn.i (p)|2*^±|5g>'^'7— PmaxJ:0:*:# 
l/^i:^. ±PS^W^J-XTi:*SJ;^tc^MmiB[h 
n.i (p)^ l /mffiiE-rSo M^iffl^SiSKrgP 2 8 S 
ffl{SM^o/<y — P a*<±Eg-'<v- Pnaxi ») :*:frv^ i: 
iSffliE^nfc^ffi<l^iih„.i (p)' =h„.i (p)/m 

^M?s«s^tsita5 2 2ici2tiL. 

Slhn,! (p)«r«iE-&-r^©$*lltimiSI21igP2 2tc 

iBIt-rSo Cco*£S, MM«0Sg4h„-i (p)' T'M^I^? 
nfc«f X (.t)*h„*i (p)/mt±^a*Si©P3ECIRcDrtii|t 

^{l:-rs<ii:a;&i>o 

[002 7] ( e ) m:t»»J®lC J: SgiJOffi^eSURg 

DA^^§g<Dia^^nTl'>Sf'F§±ffi-'^'7-^Pniax', JH 

{i«^x(t)tc«-rs«:'cMffi<i^st^h(p)i(Ax fc-rn 

ff;^^Pmax=| X (t)*h (p)iw( \^(r>^%1^m*3-SLOo P 
maxa-^T'feS*\P>. JMfKI^ x (t) 

h(p)ii« til:liDM0^A^St), iMfim^x (t)*^j*Sn 
{fS^^Sffld^SSlh (p)u« A^-mtil^SSo tJEoT, S 
ffiiSfi^ahn.! (p)©-^<ii*'CO^;»cMMffil«l!l h 



(10) 
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(.p)m (D-mmj^oi^tiftiii. mmmmmh..i (p) 

[ 0 0 2 8 ] u±<fc ^ itsisp 2 9 nm^mmm. n 
ml (p) |2 ii^Mftfi^ X Mizit-i^r^mi^mmm^m h (p) 

^tfctliEg|53 0«|hmi (p)P*^|h(p)iiAx |2J;l3/jN^< 
aS.k'SlC^tiflt^lgthn*! (p)*l/mt::tfiE-rSo S 
ffi««^^SiiftSP2 8t±. |h„.i (p)p>| h (p)i(« \^Ot 10 
MffiiE$nfcm««^l^h„.i (p)' =h„.i (p)/m 

^m^fiimmim^ 2 2 iztm i h (p) t < 1 h 
(p)max \^o:>t^mmmmm.h..i (p)*«iE-a:-r. 
t^?im^^iaMgP2 2ti:ieit-r5o co*gm> mmm 

(p)' T-M^SM^tlfc^-^x (t)*hr..3 (p)/ni 

[0029] ( f ) mmm%^(oimmwti'^^mrjimm 

^46. |x(t)|2.h„*i (p)£Dffl*i-&t)-ltt^tJS^^J:T^ 

ZiSt, M*f«fi^C>^^'7-Pai:±E-'^'7-PiDax©Jtf3? 
&H©5aS7b^^Mt;:^So ^c-p, (1) 

gPT?iisc$ n/=^ffiii«^ h n*i (p) ^m\^^xmnm^ x 
(t) izmimmm^mLrcmo:>mism^(D/^v- Pa>!)^± 
Rg/^y- p maxd: D 'Jn^ < i -9 icmmm^M h 
n.i (p)*ffiiEL, (2) m^sE-^nrcmmm^h 

ml (p)' ^|x(t)|2.hmi (p)<DiH*.^^^-y:{c5^JS^^ 

xv'-fMfr^o X, (3) Mffi«$nfcjii{i{f#o/^ 

y - P a*^±K>' ^ 9 - P max J: »5 /J^^ U ^ h £g«m 

^hml (p)^^©*S |x(t)P. hml (p)(Omy^'B[t> 30 

[0 0 3 0] *>*>Stt«tCfc-V>T. ^ffimS(?^SgP2 

7r'S*iM^ish„.i (p)A^?^#^n5t. mmmmm.m 

Mg|5 2 8l±^SM«^gifh„,i (p), jg{ifi-^x (t)0^^ 

"7- 1 X (t) \^<Dm?^'^t>'iHcitcrcmim^^o:>imm 

X (t)tcJ*-rsSffi«5aatcKLT. IB1ig|52 2 oil 

-So W±T'l±IB1igP2 2'\##jA£JMtCT— 4o 

^mmmmm. h n.i (p) s s mmf^mmimv' 2 2 
micmvrtmsfiz 2 i Ofgis««^?!?!jh„ (p)A^-K^^tti* 

n (p), iMflM-^x (t)O-'^y-l X (t) \^(Dm^-^t>-^K. 
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[003 1] cg) y-f-'p^'^-yfrn^commpmici: 
£i*i«?go<i^siii©siji5fi;i— ^-^A^Mai^nfc t^. m 

«'li©*«l®:t--":*B&±T^i)o X> iMfl^-^OffiSfc 

mm^Mmir:s,c cco.^'oK-tnis. m^mmcom^m 

[0 0 3 2] ( B ) mmmmzmmmmn^mmLxm 
(a) mimmm 

mi t.m-^'ii\t.\,tm-n^^iii\^xi5*). 32- 

mm^ 2 7 fiia 3 4 (ou^m t mmiciMST)\y::iv x 
ixtcj;'5^a««sihn.i (n)^mwr^i^<ox\ mm 

96mmmmmy w^Se (t)*m:ti-rsMgfg2 7 b. 

^Me (t)i:u" (t)£DS^^tT'5^Si:g52 7 c. hn(p) 
h y • (t) (Omm^'il O mSt§ 2 7 d . -y X/ ^ 

^/i*^^-rs^egs2 7 e. h„(p)i:/i e (t) 
u* (t)^to»-rS)bQlfg§2 7 f^H^TV^So 
[0 0 3 3] ^?i«0^i!(MiligP2 8a, ^timS(I21i 

gp 2 2 ciate^nTv>sMffl«^is«:MiT-r s t,©T*-b 

Ui'^ 2 8 a^fig^TV^^o ■bUi'^ 2 8 attM*i«fi 
•^«/W-Pa(=| X (t)*hn.i (p)|2)*^ DAag5^2 4 

^^y-PmaxJctli^^C^l/^ttfiffiffi^SiCX (=hmi (p)/ 
m) :?rMf«0^SifeiigP2 2ClE!1tU. />?t^i:?ffiiE 
L^l.-M«mSlY (=hmi (p)) =SrMffl(«^^fBitgP 

2 2tcfeis-r5o i:be^a5 2 9a, ^^KHft^o^^y-p 

a(=| .x (t)*hmi (p)|2)i:SS^$nTl/^5±Pg/^'7-Pni 
axO;*;/jN;S:it«J-rSfeOT', -'^7-)^»gP2 9 a i:J±«i 
S2 9 b«r<i^Tl^5o ''<'7-}^S:gP2 9 att, iillffl 

illftjSitgP 2 7 €> nr: ^ffifflff a h „.i (p) ^.ffl l ^ fc 

nSSffifflfi-^x (t)*hmi (p)<D-'<y-Pa%StS:L. 
lt®S2 9 bfi^>'<7-Pa(=| X (t)*hmi (p)|')i:± 
PI^W-PmaxO^^C/jN^tbilEL. Itn^^^^-tU-^^Z 

[0 0 3 4] mwmm^^iEm3oii. mmm^<o^^'7 

-Pa(=| X (t)*hmi (p)|2)*'±|5g.'^y-PiiiaxJ;t):;'c# 
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mHimmmm^(D/^U-\x (t)*hn,i (p)\^ i:±PI-'^'7 

. m2 = | X (t)*hn*i (p)|2/Piiiax 

m= {|x(t)*hn*i (p)|2/Pmax} (1) 

^SiM«J±ni;&jJlSL. MIEfii?IIS§l53 0 b«:^^iC 
X=hn*i (p)/m (2) 

[0 0 3 5] ilMlHlgSS 2{i:, 2 8 a <t (JSffi 

X (Write adr)tim±-r^^olCJ^V—m»^3 1 (DlH 

iMe(i^*!i*jifi^*^'M»a5 2 7 btiiM-rssT-jii^ 
■r-So iisiHisss 4t±Jippt§2 7 ir ©A*m#©^-f 5 

t-SSffimHSlhn (p)^^ggg2 7 e M e (t) u 

jM^M^x (t)*31'M-rSo jUffile|gS3 6t±, 

WSP 2 9 a CO A:':fl^iO ^ .= > ^^-g-^^-a: s t OT. 
Si<«^SSI»gP2 7iD^*imS{hn.i A^tH:^fS 

[0 0 3 6] J:bifg|5 2 9,«Sffi<HISI5th„.i (p)7b'jR$o 

fcB*. Ksffifiassjhn.! (p)^fflv>ft3i^i«5aaKj;i9 

nmm^(0/i'7-\ X (t)* hn.! (p) |2 i:DA^^fg2 4 O 

±ll^-«V-Pmax*J:biKt- So ^ffiW^lglffilEgP 3 
P«. >'t'7— I X (t)*hn.i (p)p*^±|5i>'^'7— PniaxJ-^^T 

3 lcll?fmSSfh„*i (p)« 1 /mlcMlE-rSo 
£iffifi^SMfTgP2 8li. ^ffi«fi^©^^'7-A<±0|/< 

h„»i (p)/m) ^mmmmmim^2 zictimL. /Jn* 

vii:#^MiEL^l/^^lfm®tY (=h„*i .(p)) ^HffiiS 

mmEm.^2 2ictEmt^o \m. T^^uf^f xf— >3 
^gp 2 3 (i:^^<D3Mfifi^ X (t) t«-r ss«i»iaaic^ 

LT. iBtigP2 2<J:*J*fiE}?P*i©S*f<l«IS^^5!^^a 
S*S^P3ECIR (0 2) OrtffJitClRSO, DA^^ggT'ffiiH 

[0 0 3 7] (b) f^znmm . 



gi4 ir:&mm^\,n^^m{m^^n\^xmmmm^-^m 

t). lli3i:IS]-g|553-li:{i|sl-7?^;&{^tLTU^5c S=S:-5 
jiSa, Jte?g|5 2 gtOlg^T'SD. ■r-:r;l/2 9 c, zHPl 
^^2 9 J±KS2 9 e«:^LTt>5o 7—f)\^2 9 c 
lis jM^^^x (t)0/^y— "I X (OIUcjSCfcSAMIf 
«^iih (p)uAX CD-fkm\ h (p)uAX l^^fEHb. ?gg:gP 
2 9dCiM*fmti hn.i (p)©-mfii|hn.i (p)|2^ 
}^«tU Jt«J§§2 9 e«|h (p)iiAX |?fc|hn*i (p)|2©:*c 

[0 0 3 8] DAS^g§©i<Fg±Pg>'^'7— ^Pmax. jSM 
«^x (t)lc5>f-rsS:*:SM«0^«:h (p)iiax fc-rmf 

Pmax=| X (t)*h (p)swc (3) ' 

X (t) hm.±m.^m.%w. h (p)iiax «i ■.\<r>^m'^^ o . 

IC^^^o fi^oT, ^ l*S£fi?IJ^^*5^tSPnlax(=| X (t)* 
h (p)«« |2)i:^*f«e#(D-'W-Pa(=| X (t)*h 
20 „.i (p)\^)(0:k'mmi. |h(p)uA)i |2i:|h„»i (p)!^©- 
A/hK«i:-BcrSo ^-eiT', Jt«tg§2 9 e t±| h (p) 

MIE0P3Oti. (1). (2)ii:tcfie-DT| hn.i (p)|2*"t |h 
(p)uAx |UXTi:^SJ;^tc^*Hl^iSjh„*i (p)^l/m 

icmmt^o s«ffl^^MSTgP2 8a. |h„.i (p)|2>i 

h(p)yAx fflIEi?tifcS«mtiX(=h,^i. (p) 

■ /m)*^lf««iaiHtig|5 2 2tCieiiL, |hn*, (p)|2<| 
h.(p)«M |2©i:*l!fiELSl/^^a{l«ii[Y (=h ■ 

n*i (p)) ^^i«mi5[iB«gi5 2 2jcf2M-r«o JM^s 
30 uxi-xh— >3>gP2 sti^ojUMM-^x (t)^^5^■r 
as^f«^!ia^c^LT. K1igP2 2i•^^fiE^g»^D^^I 

S*f«fI^t±l?a*S^P3ECIR (0 2) OrtllOtillR**), 

[0 0 3 9] (c) msmmm 

3^:|5l-gq^^^ctt|5l-^f^^^>^LTv^So ^^-S^S^i 
(1) ^46. |x(t)|2.h„.i (p)©ffi*i^t3-li-lc5rflS?-li: 

40 nmm^mmhn.i (n)oMiEMhn.i cp)' ^^awfii'; 
5-y^7^-r;i/4 uciettfsji^. (2) pmtDmmm^^ 

iggP2 2fciBig-rs^, (3) mmzB. mnmmwm 

ISh„.i (p)*ffll/>T2l^il-^x (t)tcS»i««lJl*igL 
^cB#©iitH«^^(Dy^'7-| x (t)*hn.I (p)|2A^±PI/'? . 
7.-Pn.ax<t>)/h$<*SJ:9Ji:®S«m!ah,wi (p) 
* 1 /mlC^liE-rSo LA^Sm. ffijEffih,«i (p)' (= . 
50 h»,i (p)/in) ?:|x (t)p .hn^i (p)OS*'^t)-&tcm 
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-^^T-T-yMt-r^o c(Dm^. |x(t)*hn.i (p)i 
2*^±p:i/^y-Pmaxci:t)/jN^ttntf. mmm^m^h 

Co 0 4 0] ^ffi«5[ig|lC455V^T. S?|{»^^ii^gP2 
ifTgP2 8tiSMMmShn.i (p). ^{ift^x (t)^D/^ 
hn.i (p)' ^x-:/;l/4 1 cfct)*i6TMM<ie^^lB1SgP 

2 2icfsti'r^o i-;^m> yux-YXh-s^H >gP2 3t± 
0P 2 2 cfc DffiiEi^^ioMMmsi^M^j^tB Lmmmm 

[0 0 4 1] (d) m4mmm 

IB1tgP2 2tDfulfitc-r— :/;i/4 i ^m^fri^^^f^K m4 

[ {hi, (p) +Ahn*l (p) } - {hn (p) + Ahn^l 
[hn.l (p)-h„.l (p)/r ]2^(hn(p))2 

t^^iL'T^^^i^mmm^^hn.i (p)^[hn.i (p)-h 

n.i (p)/r jtCffiiE'r^o ±SIC*5V^T. Ahn.i 
r^j^SL. mJEmhn.i (p)' 

[hn (p) + { Ahn.l (p) - (hn (p) + Ahn>l 

Ahn+1 (p)-(hn(p)+Ahii.i (p))/r<0 (6) 

r ^{hn (p)+Ahn+i (p)}/Ahn+i (p) 

n.i (p)mm'rriisxi\ (6)' ^ximmt^ 

2«^Ahx,.i (p) 

^m^-r^m^commYi^^a^. hn*i (p):&H!ii>^7h-r 

rS2R (7) 

^^•r?fe§Sffil«e^S(hn.i (p)^RIelS/>^h-r^cl^tC 

[0 0 4 4] mmmi^M^TESis Qic^i.'^x. Rmum 

hn+1 (p)' = [hn+1 (p)-hn4i (p)/r] 

*ijEfflx (=[hn.i (p)-hn.i (p)/r]) ^mmm. 



mmmxitmmmmmmz 2(o'imicr—rjv4 1 

ii^gB2 7TS?S{m^ithn*i (pyt'^mw^ti^t. mm 
MSffg!jieilgP2 2tcfB1t'rSo ^LT. 

X (t)osMmJitc^bTiEtigP2 2 ^^mmmm 

hn(p)if^m^m-iEn^t. :^U7=^^Xh->'3 Vg|52 3 
10 ti^^ffittil^Xhn (p). I X (t) I^Offl^^^-t^tcjSCfc 
?fiE?g^O^Mfifl&^hn(p)' ^v'-'/jV4 I ^K>^i6 

xmmm!s^mLxat)-r^o 
[0 0 4 2] (e) msmmm 

D> m3(Dmimmmt^s\^^i^ci^m-n^^i^i.x 

20 Rgv'^y— PinaxckD:;*c#t^i:#. 

(p)}/r ]2^(hn(p))2 (4) 
(4)' 

hn+l (p)' = [hn+1 (p)-hn+l (p) / T ] (5) 

t-rnis. hn (p)tiDA^i^i5U ^ hixTx^^t^^. 

MIEfiihn*! (p)' t5S*tcU^>y hfflt(T^So 

[0 0 4 3] wA^^m^t^t 

(p))/r}]2^(hn(p))2 (4)" 

x&nis. i£s-r(4)^*^fi)t3t-r§o eeoT. (6)^ci:t):^ 

30 ^ 

-hn+1 (p)/Ahn+i (p) (6)' 

(-hn+1 (p)) ^mmmmmm^j^2 2ictm'r 

So 

[0 0 4 5] (f) memmm 
m 8 i±mmm^WL^niEmm^mmc-t^mmmx& 
m4(Dm2mmmtmsi^^ici,tm-^^^ni.x 

U>So ^2^ifg^jTti:. ^M«^lfc^o^iiEr^g:tc:fcv-T 

mmmxHmw^\£ y hiyy hxmm'4r^i,(Dx\ mm 

40 ffi^gS[MiEgP3 0O«lfiEti^2|ISfi<5iJi:M^S*^ m? 
[0 0 4 6] (g) my^fflfl^tj 

i&^^^MLxmm't^m^om^Tr-Lxi^^o 
^)^/<r>^wmm^x\{x). X2(t). X3(t), ^^(x.)\tn 

ffilSi^:? hgPS 1 -^5 4 7?exp(ja)i t). exp(j£02t), ex 
50 p(ja>3t). exp(ja)4t)(a>n=2;rfn):^SS^nT/il?SSiC 



23 



(13) 



litPfS 2001-251 148 

24 



f 1 . f 2 , f 3 . f 4 icmm.^'>y h ^m-^nrcm. ^^gp 

• [0 0 4 7] 0 1 0«^K fgeHSSPO 

5„ 01 2t406©ll4||fi£fi»JO^1«<»SB^I2l9<DV 
t). 06. 09 i:lRI-gP^^■^c^±|lI-??■^;^{^fLT^'>5o 

[0 0 4 8] . (c) ±mmcmmm^^'^^Lxsy'^<i 
[0 0 4 9] (a) mimmm 

tm-^mzitm—n^^i^Lrx^^^. m'P. 211m 30 
fg) . 2 2 ttjii^m*iiii@t§<D^^*fiE-r*s?ffinia 

h (p)^3S<lfi^x WOy^C-p (=|x(t)|2) tC^^fS 
n.i (p)fe5i/>{itSIE^nfcli?iffl^S(hn,i (p)' ^jgffi io 

m^^^'p-l X (t)incm2-e-TieisgiJ2 2tfd'ii-r'5 
rcmmmmsihn., (p)o-^fiii hn*i (p)!^^^:*:^^ 

3 0 ti^ffiffifi^gJl h >H.i (p) ^ 1 /m L TiSiEfii h 

ml (p)' (=h„.i (p)/m) ^mti-r^mmm^kmrniE 
gp. 3 1 iim^mmmi^u 2 2 «oi^*tti l r h ux/ 

[0 0 5 0] X. 6 1 aSS^^fS^gPTfeO, so 



2 2*^P.^*iadL. KiltSmiShn(p)*jM^(i^x 

(t)(cjsm^g-r^^SEg§6 1 a. mmm(Dmtim^ X 

(t)*h„(p)i:il«e^x (t)i:©ST-^5^M{l^E (t) 
«rWt|-r5M®t§6 1 b*WLTV^.5o 6 2l±-r-Ci^3» 

E (t) L T ttl :^-r S ^fiKSPT' 5o 

[0 0 5 1] DAag§g§6 2 fififf-^ (^Mfl^) E (t) 

n(p)*^DA^^f§'J5-y MHs (01 4#Bg) icmt^^ 
■Sh (p)iwc ORrttcfentf. Saffit^Sihn (p)*tifcOJ: 

- tt±^<, DA^j^l§2 4tC4oV^T«i|i, {a+iA^O--rtfC 
i:i±*v\ LA^L, S^^Bi^f (p)(D{^fflT'5M^m:^li 
i|@S2 i©tiJ:^ffii|(i*^:*;#<*«i:, M?f®taoiM^<i 
•^x (t)t:7^'-F^':-y^>fl#©liA^;*;ir<^'3. ^« 

#<%f5x ^;*:SSmiSh(p)«Ax <i: *^ 

?m«^f2tggi3 2 2 ttait-rs i.>o*>igM«{s^sj 

[0 0 5 2] ^CT% S?i{a«^hn.i (p)3!)^itltSnT 

iBitsptiB^-rssfrtc, fm'^m%m.(o-m\hr.x (p)i 

I hmi (p) |2 > I h (p))iAx |2 T'fentfS*«(a0^a©:^#;J 

tc-rntf , DASift§§A:ti*^Jgiii$ij|5g?ns c i^tc^ 0 , . 

DA^^flgg U 5 y F LHs 5 C i: < ^ 13 . DA^^ 

bTv^5se&fis?iiMe^^ h n.i (p) tmmwLT'&^rzit 

[ 0 0 5 3 ] J-;^± J: t) , J±l5a5 2 9 ti£i«tt0^?Sif|ggP 

n«i (p) 1 2 hm.±m^m%^(^-^m\ h (n)M« |2©:;>>:/h 
«JtKL. £i?fmi!{S»fg|5 2 8tt, |h„*i (p)|**Mh • 

(p)u« |2<fc»5/jN*ttntfr^s^nfc®fmiSh„.i (p) 

*?iIE-rsc:i:^<^©SSfeMg|5 2 2li:feitL, |h 
n.i (p) h (p)iiAx I' »):*:#ttntfSM«^ia<0*l 
IEfah„.i (p)' ^fB«a52 2ti:fgig-rs. '^OjH 
«®^x (OlcW-rSfilSafittStcKILT. I2tegi52 2 
J: »)IHH^*©^ffifll«iahn (p)*S8»fflLT^M^# 
E(t)%ai:^U •&^gP6 4«DA^^8g6 2. 6 3T* 
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com. ^fflffl^g!(h„(p)«ffl:^^«ffl^lS:h (p) 

CO 0 5 4] (b) ^25lfi6fifJ 

01 simmcD A&^-snrcTi-a'f(Dmmm^tm 
jt«igP2 9 ii^±mmmmwL(r>-mm\ \^^^ 

Jfr5f21SgP2 9 g. MI«^ISJ©-^fii|hn.i (p)|2 
^i^^f ^?^«L2 9 h. |hn.i (p)|2i:| h (p)uAX|2 0;^: 
/jN^i±«?-rsl:bf5gP2 9 i^fii;^TV^So M?f«fi&St?i 

jEgp 3 0 itmii§mm^(D—mm i h (p) i = 

3 0 e ti§iEmmn^3 o f ^wLTv^So mitmmm 

nl2 = |hn*l (p)|2/| h (p)lWf |2 

m=| h„.i (p)|/| h (p)iiAX I (8) 

J;»35t<^^<, mmijffl)^3 0 a^i(8)it:^0^II^^^ToT 

X=hii*i (p)/m 

[005 5] JtliSP 2 9 t±^««^^ h „.i (p) A^5l< $ rD 

fc^. |hn*i (p)|2i:|h(p)iiAx |2©:*:/h;&j:b®-rSo 

n*i (p) 1 2 A"ig:;^M*i«^^©-^fiS | h (n)m | ^ J; D /J^ 
*<%?.J:5tcM*fm^h„.i (p)*l /m^^^fiE■r 
^ffiM^^MfTgP2 8 tts I h„.i (p) h (p)yAX 

\^^>:)'b^iftiirrMmt^nrcmmmm^h.., (p)^ffiiE 

■rsci:^<^©SSfattg|52 2lcE1tL, |h„*i (p)| 
h (p)yAx I' J: »3;*:#ttntfSffi««^0«IEfiih 

n.i (p)' :&fBisgi5 2 2 tcie«-rso -^^oj^^t^^ 
jEm^commmmm. h „ (p)*Ki!*m lt^s^i^ e (t) 
tiniLLXD A^^-^titcmmm^ts^mm^^'Br^L 

[0 0 5 6] (c) HSIISfijjy 

@ 1 6 iminc D A titer i- a ifommm^ t m 
on 3 mmm(Dm^mxs> 0 , la 1 3 mmm t m 

hn*i (p)lJ:*tJS$-^TSS{a«SifOffiiEfiih„*i (p)' * so 



26 

ii*ifflfiiu5>v^-r-:/;b4 ucfett-r^#,. (2) ma 
*^ttiLTM?i«^iiiBisgi5 2 zicfBii-ts*. (3) im 

gP2 9. MffimSi?liE§|53 O^BiMLfcjiS, (4) 

O-^fa I h n.i (p) 1 2 *^g±^«tB^S(Ci -^ffi I h (n) 
MAX p<fcD/jN2<:S:^J:^K^S?i«mhn.i (p)^l/ 
mlcJSIEL. (p)' (=hn*i (p)/m) * 

hn.i (p)C5\t)C$-a:Tx-:r;HI:-r^o ctD^-g-. |h 

n*i (p)*MiE-ia-r^cos$h„»i (p)fc^sftEi;?'^Tx— :^ 

[0 0 5 7] ^^f{iSa^l^^*5^/^T. ^«f«0^^?i^»gl5 2 

grSB 2 8 ltmmn^%%L h n.1 (p) iciS UfcliffifK^^^co 
MIE«h„.i (p)' ^7^-:/;V4 1 <tt)^46TMffi«^t!l 

ieita5 2 2tcfeii-r^o -^xo^mmm^y. (t)\zn 
■t 5 ^a(ii5aa»c is l t. isiigp 2 2 j: >3 siEjg*©^ 

-g-figgpe 4aD AS3ftg§6 2, 6 3 T-?-n-m3SiZ:lC D 
[0 0 5 8] (d) |g4SIMSfilJ 

^m^^'^^\^xmmmtim^m\^xtit^m%mmm. 
<o'mAmmm<om^mx&K>. m\ efcin-as^^-tc^iwi 

Tfeo, w.3nmmx\,tmm^mmm,^2 2<Dwim^ 

'r--:r)\'A l*SttTt>S*V Ig4ilfigfjij-p{is?«m 

i!tfeitg|5 2 2omistc7— :r;i/4 1 ^i9:^tTt/^2)o -r^ 
t>-^. m4 mmmx-itm^.^r^ 2 2 a*) mm^WL^n^i. 

l±SL?-c^^^i:x-7;^4 1 ^ffli/-ril?|«^ti^ffiiE-r 

So ^*ima{c*5v>T, mn^mLmm-^2 7X'mn 

h n*. (p) * t . SMfl^lSM^^gP 2 8 

iimmmmL h (p) o s *ii?f ta^^aisisgp 2 

saatci!gLrieitg[5 2 2 j: •^s^f{S^lS!Khn (p)A^i^^m 
^nsi:, ^M^#fl^gB6 n±KSitB^ijh„(p)tc 
JSi;fc«iE^ffimiShn(p)' «rx-:^;l/4 1 
TI^Mffi^EW^m::^^. -^fiScgUe 4tiDAS^g§6 
2. 6 3T'^n-€-'nffijilcDAS«55nfcj||^{i^i;^ 

llfi^^^fiS;LT3iftm:'3±iilig§2 ncAtj-T-So 

[00 5 9] (e) ■7;b5^4^-V'J7'tD3Me^@»C)gfflb 

^ 1 ~^ 4 mmmi,ii^>ifji^^ u TOj^M^HiciSffl 

01 8a^St03M«®^%v;Uf^^^i;rfi^;& 
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^v7<D'^mm^x^{t) ., xzct). X3(t). x^ct) 

^>5?343iOD A^^ig? li~7 l4»c<};»3Z:f Di7 
(i^lc^^Sn. 7 2i~7 2<*3lia^, ^gjS 

St^^gP 7 3 1 ~ 7 3 4 TF;rMiD^+ U T/SiS^^ f ■ . f 2 . 
f 3 , f 4tciligS^i^^n (lai 9<D (a) . 

S 11 t±-&fiegp 6 4 C fe-V^T^M^#fl^gP 6 1 

ii2 1 icA±)*nso 3M^m:'3ii*ii§2 1 cDtur^cD— sas 

«J1>S3S^SSS§ 7 5 TJljKIS f 1- f 0 . f 2 - f 0 . f 3 - f 0 . 

f 4-f oiO^Sfi^tcJljSS^^^n, 7i';b^7 6jl 
j§f^tnAD^i^t5 2 6T'A D^^^n^^-— K/^-y 

[0 0 6 0] — 73, 2l€«-9xi (t), X2(t), X3(t), 
Xi(t)li.milS.B->y hSP7 7i~7 74-t?expj(6ui -too) 
t, expJ(a)2-a)o)t, expj ( to 3- to o)t, expj(t04-a)o)t 
(fcfcL ton=2/r fn)**S^nTJSiS[^ f I - f 0 . f 2 - 

fo.f3-fo.f4-foti:Ji?g^lS(->7h^ffi^nfctg (H 20 

19® (b) mm . •&fiStgi5 7.8T'jiijfiiSi^s$n. s 

« , #Sgfi^ S R i: 7 -< - -y <;7 {g^ S F ^ffl u ^ T S 

rmti-t^o D A^^iie 2^±^#e.nr^:^M^l■^E^D 

m^^^StLT, MliSiSfef I .f2 .f3 .f4®^M<l^Jc 

T-yy^^M-h-rso ^^gP6 4aj^S[t!{f 1 . f 2 . f 

3 .f4<D^fi^ (JgflM^) Sui:ilffiSf 1 .f 2 .f 3 ,f 30 
So 

[0 0 6 1 ] EI2 o(±0 1 3®iii mmmomnm&m 

smMmr-^^). mi SRO'HII StU— SP:9■^i:^i[5)— 
^?^*^«tLTt,^So {IL, 7 Oi~7 03{±^?-i'5>i?"^ 

^■i+ffloiisisjKT-a5So 02 uisi stomzmmm 

m^iciim—m^^i^i^ri^Zo ^2 2^01 eoms 
mmmtom^nimm^m 1 s >; Taie^H 

itmmi.rcm'^tDmimmmr'&h. mi eisixsmi a 

(om 4 mmmcom^mmm^m 1 s u tjh 

mmmic'MmLrcm'^<om8mmmr'S>*:). mi tblxs 

[0 0 6 2] ( f ) giJOv;!/^:^^ U TOjMfilSetCiS 
fflLfcSlfi6l?IJ ' 50 
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jM^M-^xi(t), X2(t),. X3(t), X4(t)«, mm.WLi^ 
7 hSPg 1 i~9 1 4T?expj<ui t, expjt02t, expjtust, 
expj to 4 1 (fc fc L to n =2 ;r fn ) * tlTiiljiEii f i . • 

(a) #f.g) , S^-SfSiJiODA^glgBg 2i~9 24 1CJ: 

nSo )f?gS^aM-^an-;^X7'.';l/^9 9^®ji 

1 0 0 T'Sj^jsa^ f 0 - f 1 ,f 0 - f 

2 .fo-f3 ,fo-f4Ci/7h$n (02 5 (b) # 

P.B) s i«-^Sui:^oT-a-fiKgR6 4(cAtl-rSo Jit 

T)ll«a*i@'lifg2 1 lcA:^*n«.o 33l««:t)iti|i«2 

1 <Dmtio-gpt±iiijg^g!(^g5§§ 9' 4 x-mmL f . . f 2 . f 

3 .f40{gj§ijsiat^o^a{i^tcjiisig(a^?n> 7-f 

9 5 iDS^t A DSSigg 2 6 T A DSSS^n^-i' - 
K>"t«y Sf i: LTMffitt^»jSSgP2 7 \,ZXtit 

[0 0 6 3] 3Z.S JSIi^S->'7h959 li~9 l40ta:^3f± 

•^sst LTA±)-r5o mmm.mit. mm^s^ty 
m3^K.f&m-r^^mm^E^^nLxiiiti-r?>o da^ 
9 7^/rLTJiiffiS(agi#g9 8icA:^-rs„ mm^^^ 

S9 8t±^ig»fi .f2 .f3 .f4(D^S^^EtJfjSIS 

f o(D;a^!^Sc^i^^^SLTii5Jl?Sli« f 0 - f 1 . f. 0- 
f 2 .f 0- f 3 .f o-f 4to7h-r-5o -^fiStase 4tii^ 

mmmtimmss2 licicxti-r^. cmoiommwi^ 

[0 0 6 4] 02 6«0 1 30S 1 HSfiPOMffidSS 

^'mmix^Ki. m 1 3^0=02 4 iin—Wji\t.\tn- 

??F^*{>tbTV^«o db, 9 0i~9 Osfi^f-YSvy^ 

(ommm&s^m 2 4 (d^jv^^^ v ymmmmicmm 
Lfcm-^omi ommmz'&*). m 1 6Rum2 4tm 

— gPiJ^tcttlHl— ?SF^;&MbTl->5o 02 81401 6<om 

3 USSC'iJiD^I'f fflSH*0 2 4 y TJUfiS 

BtciSfflbz-cm^o^-i immmT'$>>j. mi 7Rtfm 

2 4 gP^}'tCt±|H|-^^*{TfbTI/''So 02 9tt0 
1 7 4 llffl(5IJOS?i{t^M^0 2 4 (DT;l/g^=^-v U 

ris^ffi^SJcjiSfflbfc^^cD^i 2mmmr'&*). mi 

5Rtf0 2 4 i:|pl-gU^^tcaiR|-??F^^{«tbTU^5o 

[006 5] iD) y^-)'^^'»i^m^<Dmmmmmm 
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&.±(DmmmTimnm^^niE-r?> c: j;- o mm 

[0 0 6 6] (a) mmsa^j 
7 -c - hv^ i-^^ y (t) (DSips^suas-r i mmm 

(t)®^^"?-? (=1 X (t)|2)tc?^lSS-ti:Tf51t-r5^ 

i:f=^ffim^h„(p)^iaiigi5 2 2*^5,^^)^^^. 
mt^mm. h n (p) ^ffl v>T^fifi^ X (t) icm^mmm (= 

X (t)*hn (p))^m-rzf 'J "r-f Xh — iy 3 2 Alt 

m.nmmm^m^ntzr'^ i^^;viD^mm^x (t)*h 
n (p)^T-ru{fmmc^mt^ D A^^gg. 2 5 imm 

Mc ^^-r SAD 2 7 asiiisttjoM^e^ X 

(t) t :7 ^- - -V y (t) icmrih^xmm^M h 

n.i (p)^iiig-r5^i>nn^^)^sgi5. 3 1 amimmm. 

- H/*c.y i7«^y (t)©Jiilii;g:W#-rsili|B$iJaigPT'fe 

[0 0 6 7] igffiii^isj^wgp 2 7 tiia 3 tc5^-r^ffi« 30 
mm^ X (t) 7 - F A -y ^ {s^oM^ e (t) ^mnt 

^^2 T tLTfjkLXl^^o ^itiiSiJ»gP8 U±. 
#x (t)®ffii|ifeSl/H±«t!i:y-i'>omiB^*ffi# 
U 2mM^x(t)Ji:(£:i;fcy-i'>G«rtH:^3-rsy^'> 
IS^gPS 1 a. :?'(•— K-'^y^##y (OlC-yWG^ 
^g[-rs^^gl8 1 b*WLT^/^Sc i2lffl«±lliitit§2 
1 <55«SlK®iS-Ptt, ai:'u^l^offii|ii, ■&ti*'<o-rtfCi: 

3^fi«:^jtii|'Ig§2 1 <D#3SJBfliST- 40 
ti, M?S(ItuOjg{i^^x (t)i:7-i'-hV^y^«^y 
(t) OH e (t) < ft t) . M*ifl3^ISJt»g|J 2 7 5, 

mt3ir^mmmimhn.> (p)A^;^#<fts<> co^^m 

^^hn.i (p)«l/^0*^M^^:tbl^nT:/Ux-i'7.h-i/3 
^gpz 3<feOM?f(«ft-^x (t)*hn*i (p)*^tii:^-r2)o il 

i3\.-xm^m. {fiffiSA^fg^f 5o 50 



[0 0 6 8] =tCX\ m^^mm^S l ^^^^J^bM^^c*; 

t^T, mmmmcommmmx Micm-^\^^xy-^-vj^ 

•y^ff-^y (t)©Jgi|ii:&:;«c§< LTiine.<OMe (t)A'!:'c 

ffi^^^ihn*! (p)*^:^c#<ft5<D*R§±T-^, mmf^m^ 

X (t)*hn.i (p)*^DAag5t§>J 5 -y h^M;^ftt/^<t3lcT 
ftSiciJEoT, :*c§<ftSo "tcx, y-O^^gps 1 

ate, ffij^tfiaa 1 (a) ~ (c) ov-rn^Hcs^-ry 

5o 03 1 (a) a. jIfim±lti*Sg§ 2 lOi^JgffiitC 

tgip-rs^FttT-fe'?. 1^3 1 (b) ii^mmmmic^r^^ 

-o^iiiD-rsi^itT'fet), 03 1 (c) it^mmmi^i. 
ic^i^xmmm^mw, (^.sv^^i«;^)) tt^oTx-r-y 

[0 0 6 9] ii(±J: 0> ^?HSHtfOilimm^x (t)3b^^ 
'^;l'^^{bLft(/>o U*>L. Si«M<OjM{l{i^ X (t) 

A^stJg/lf 1x^;1/Xb Jw±^c ft s i: , y-r > 

GA^y-rryaS^aiB 1 aOlS^MSflc^^e-DT 1 J:t);*c# 
<ftSo Z-iDTcib. WmUm^Q lit-. y(t)' =G- 

y (t){G> i)o#^*m:^L. mw^z 7 \>t^^m±i 

(n)*^:^^ < ft5©^ll5±T'#. Sffi<l{i^x (t)* h„.i 
(p)*^DA^^g§U 5 -y h*^;ifti/^<J; ^ ICT-^, Wmm 

mmmi^isi^x^^y^m3 i (a) ~ (c) tc^^-r^ 
>GOB8i$*M5£L, X. v^>G(Dmmmmiz-o\,-^x 

[007 0] E132. 033 ti2|sfgBJ(?Dll 1 HJSglJcDlg 

1, mzcommx'&o. ad^^-t sguic^-f-F/^'v 

0 3 2T-{i> ffiiliiSiJSSgP 8 1 ^AD^J^§§2 6©tug(C^ 
tt, Rj^?lK#ti'|iiS§(VGA: Variable Gain Amplifiers 

1 c oyi' > G *3ii®<B^ X (t) o ^-<;^^c^j£^ t*jw 
u tmrnmrnms^x-y^- K/^y ^e^y (t)«rii 
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31 



32 



tg2 ecommzmif. "Rl^SS^ggCVATTrVariable ATTen 
ater)8 1 d OM^a^jMfifi^ x (t) O U-^;HCttfo T 

^mmmLrzik. -^y-r>^0T>:/8 i eTm^Lr 
mt^-t^o S3 2. m3 3(D^mmirnm(Dmmmich 

[0 0 7 1] (b) mzmmi 
ti. (1) mmmmi(Dmmm^mA^mmv ^ mml m 

l^aSPS 2^iattfc:j^.. (2) MMfit^^OjSfifi^Pb^DA^ 
J^g§ U h LMl fc 1 1 te: . StiSiJIfflgp 8 l "7 

m'&v^yQo oi) *^^^^nTu^^^.-^fe:So s 

® ffi«fi^) X ' (t) *^DA^^S U ^ 
hLML^^^^ntf ffitlfi-^y (Opsins t/&ffit±t>-r 20 

->'^^ttigp 8 2 {t^^m^<ommm^mkM^^') ^ 

1 ti-^oy-r>G. (>l)^7^-hV^^y^ft^y (t) 
\z^nt^o coSS^. MS#§2 7 b;6>e>mtl'r^^:9' 
e (t):6^igt'>UTaiffl hn*i (n) < 3&;SiO 

[0 0 7 2] (c) msmmm 30 
:7 ^ - hv ^ *y ^ fi-^ y (t) (Dm^^mm-r ^ms mmm 
im—rs^^itLxi-^^o m^^i^it. (1) y-rvG^ 

S^L^l/^^.. (2) y-l'V|gSgP8 1 alcms 1 (a) 

■ ^mt'fTi^^j^.. (3) srnsr^ass 1 itmmm^ 

So DACU^^y h;e--/^1^tBa58 2^iyjf'.^Xh-v' 40 

3 vgji2 3 t^^mti-t^mmm^ x ' w^^jmu ^ y 
huL^M^^rct^^jiy i^i^ri^^o mnmm^x' (t) 
?b^DA^^g§u ^ y hfsimi^comx&nis..mmmm^s 

[0 0 7 3] bA>u mmmm^x' (twumm^v 

h^m^ni£. DACU ^'y h:t-/^1^ttigi5 8 2ti:S 

X (t) o Dfcy-r > G 01) ^sgm so 



LTSSg§8 1 btcA;'3-rSo ^eg§8 1 bity^-h* 
/^^y^fi^y (t)tz:y^>G (>1) ;&^SL. fi^y 

(t)' (=G • y(t)) ^m:^-rso c(Di^-^^ mwmz 

So 

[0 0 7 4] (d) m4mmm 

37 ^ - ^y y (t)(Dmm^mm-t^m 4 mmm 

itm-i^^^itLT^^^o m^^^mt. (1) mmmo 
mmm^ x (t) (omtj 1 x (o 1 2 k ^ .( k t^:-^®) -r 

Sm»tl8 3:6^IStt^nTV^S;S. (2) ^^i«M^x' 

■(t)o«;^3i x' (t)\^^mnt^mm^\^s Atmi^f^n 

Tv^s^. (3) kfSiDiM<iM^S::bk • I X (t)|2i:^ffi 

I X ' (t) 1 2 (om^mw-t s ?^»gp 8 5 
ifibtiTi^^j^.. (4) mmm^(Dnti\x' Mi^ff^k 

iScoj^mm^mtik ' \x(t)\^^0:k^\^^t^. y>< — 
ffijigps e^^iattTu^SiiS. (5) «itisS'r«igP8 wtw^ 
m^noj^.. T*sso Si. kti^?i{B0^»iBtta5 2 2tc 

[0 0 7 5] m3 7jtm4mmm(Dmmm^m(D±i^(o 

5aji37n— TSSo DACU^^y h^-A<$ffiS|3 8 2tiy 
U -r Y X h - 3 ^gp 2 3 ^ ai:;^j-r S X ' 
(tWdkCV^y hLML^M^rc:6Vx^y <>LTV>S (X 

-r^y^i 0 1) o mimm^x' Mmkm^^mv^y 
8 1 atiG= 1 y^-\^^'^y^m^o:>mm^ 

mitL^\.\ L5?)>L. ^M«M^x' (t)*^DA^^§gU 
^^yh^M^ntf. DACU^^y h:t-/^<^ffia5 8 2tii* 
»gB 8 4 tc3iffitifi^^D«ti I X ' (t) 1 2 c7)^gs:;^J§^-r 

So c nti: ct 0 . 8 4 i^mmmm'^cont} \ x ' 

(t)|2;&igS:-rs (X7^>y:/l 0 2) o X. 

SB 3 I \r^mm^(Dmii\ x {t)\^^m.w\^. ^mus 3 

i±k • I X (t)|2;g:r^g-r S (Xx^yy 1 0 3, 10 
4) o Ol.^T% i»l^gP8 5fi:^^S 

d=|x' (t)|2-k • |x(t)|2 (1) 

So MM^<E!lilgP8 eti 

d = |x' (t)|2-k - |x(t)|2>0 (2) 

T$>S*>^x»y (Xx^yy 1 0 5). Ty E Sj T 

fentfy^>MiT^}iiti®r(aigP8 ucjg.i^-rso cmtc 
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33 

(>1) ^^HiLrfkWms 1 blcKt}t?> (X-r-y:/ 

1 0 6) o 

[0 0 7 6] J-;^^^s ^^§18 1 bti^-r-KA-y^/fi^ 
y(,t)lcV^>G Ol) fi-^y(t)' (=G 

• y (t)) ^tatj-rso .nco^M. mwm2 1 b*^e.tti 

±I-rSM^^e (t)A^M'>L. ^ffl«^|glh„,i (n)ti:;»;# 

)^Sg|5 8 5 TiS^fi^ i: ^ffi{«fi^ODat)M d io 

'^mm^ X (t) t mmi^mm x ' (t) (omis^iz^ <^-otc 
^^T'>-v>G^$||®■rso (Kofctb. 

[0 0 7 7] 1^3 8lifH4m^m(Dmi&BmT$>'). 

s^t±. (I) A(2)t^gs.iL-r^t^ (d>o) . M^i^ 
jffl^gp 8 6 nmmmm^ s uc - k / >y ^ M^©ii 

±*j§5^-rsji?.. (2) mim0hm.mMSiiz7iimmw± 

[0 0 7 8] ST. k<g©3M<lM^m:^| x (t)|2 t^i^ 

mm^mtllx' (t)|2C>^Tfe5(l)^cOd3b"'0J.XTT- 

fentf (d^o) . mmmm^x- (oa^dacjs-v 

^;?.Ti/>T«>, y-<>^Sa58 1 aaG=l*^»^8 

;JL. A^od>OJC«:mf. y'l'VlS^g|5 8 1 attiMM^ 
^x (t)tci£:i;fcy-r>G Ol) «:y'i'>'r-:r;i/j: 
t»^mLT^S§§8 1 btJ:A:'3f So SS§§8 1 bti^ 
f-KA-y^'^^y (t)tyi'>G Ol) ^mMu 

«^y(t)' (=G • y(t)) ^mtit?>o dojism. m 

nmz 7 b*^e>t±l±)-rsM^e (t)A^M'>U ^?f«fl^ 

•y h < * 0 . L^: < % 

So X, Md*^|gH:;'c^<*:oTlHlDTB Ji(±tC%S 50 



34 

■^«:'3^0MdA^ISttDTa W±tc:;>c#<^ofci:#. mm 
[0 0 7 9] m3 QltW.AMm.m<0^2'&^mX'$>\). 

s^{±. (1) mm^mm\zmmt^7.j-"jy^^x 

>'^^;<-^/i^f6^-rS/i?6^g|5 2 7 g^agiJTV^S 
j^, (2) iC(2)*^fig3i-rsi:t (d>o) . M^^^aa 

g|3 8 6 tijgitisWfflgP 8 :7 1- - F A ^y ^ fl^tOtiipiM 
mcDf^^^^7r<t^tm^'tco^d^ti^^^2 7 gt 
A;^LTi/^S^. (3) /ifg^gP2 7 gtiSdOMtcft-:? 

^*i{»LJs*t)S S T'OiK^BtKtiXx -y X/-?^ P« 

S» /cf£L. /i*^;^#i.-hB^fii3ai^T'©^SttaW.< 
SSo ^<i-r\ Md<D:;*c#Sli:S-:5i/>T/iOfil^SiJia) 

^^^fSo fi^iJ^tf. ^d*^Pd3fii^^^. Sa^^idSiJW 

feAv>U /iOfii»c«fS-rs<k^tI6e*itc(ff!|^tfi;^|i 

S!(lc'{*oT)*ftJ®LTfeAt^o X. ^d3bW>-rntf 

■rsci:*^T-#So 

[0 0 8 0] (e) msmmm 
m 1 ~^ 4 mmmiii^>i^ji^^' v Tcommmmicmm 

#So ^4 n±^t^©jM{iff^^v;b^^^+UT^#^ 

T^-r-y') ois^iiiT-$.f?. 4o©ji}^ss;&^mLT3i^ 

^■rs«^©^J:Sr^LTl/>S„ y'^i^^^VcO^mmim^ 

Xl(t). X2(t). X3(t). X4(t)tt^jSlS->7hg|55 1 

— 5 4 t?exp (J u) 1 1) , exp(ja)2t), exp(ja»3t), exp(j 

(oit)(,(on^2n {^)^mwtEtirmmkf 1 ji .ti 

orcom^mmm (laso) tfe-ttsj^fKi^x (t)tc 
^!aii*^^T*^tlSo 04 2«-v7i/^^-\.u7U-7^'f-»f 
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[0081] ( f ) i§ 6 mmm 
i:i±<Dm 1 -ms^mm-Z'it. mmm^x (t)ic£iffi« 

mm^ E (t) *^fig-r s ^tm^som e nfiserj^Drnfig 

EiT-a&O, c:ti*T'0*SSf!«Ii:l^-g|5i}-»j:i±i3i-?5^% 

{xfLTi/^Sc 2 1 itmwL^ {.p)mmmm^m^ 
■t^^^UT. (Mmmiim^m > 2 2 tijM««;'3ii'ii 

V- p (= I X (t) |2) ic*f,js^-&Tf5ti-rsiiffl«^ia 

IBItSiS, 2 3 tiMffi «fi^^m±i-r5:?°'J •r-1' ;^ h-i' 
3 ^gP. 2 5 ajM€«:^3itiliitB01±i:^M^ y (t) ^HiS 

M^l-^x (t)©^il|iiS•5l/H4m:^3^cS•c5^,^T7-f — hv^ 
>y^<i^y (t)©jiiii**ijffli-rati'issijiwaJTfeSo iu 
±(ommm 3 o i ^ss^y i: mmr-^ *> s ^mt^. 

[0 0 8 2] •:/U'X>CXl — i/3 >g|5 2 3te43l,^T, 6 

1 tt^MM^^^SBT'fe'J. X (t) |2 30 

tClCCfc^ffimSfhn (p);&fSigg|5 2 2*>?>Sr^?^'tiiL-, 

6 1a. ^lEgg©m:tl«^x (t)*h.(p)fca£««^x 

(OtOMT-feS^^^^E (t)^W:^^SM^f§6 1 b 
**LT(/^i)o 6 2ax-i'>'^';KD^IIfi^E (O^T' 

p ^ic^m- s DAS«sfg. 6 3 \,tm^m^ &.m'%) x 
[0 0 8 3] jS^fi^^x (t)ti:wr-5ii««iaatcpgL 4o 

n (p) ^K^'tH LT^M®^ E (t) L, ^figgp 6 4 
« D ASBIS 6 2,63 T'^-n^'nitejik: D A^^^tl 

h«*^fg<T'^, X. 3M©e^©*^m±if ^DAS 

^t§6 3tC:^^:S:;5'V:^5-y^>L'>i^*^^gT'St). ^ 
«jS^«<i^x (t)7t)'<jSJg/IN«9?K«f?^^U'<;l/XB (03 50 



36, 

1 mm WTTH±, y-r G = 1 i: L 7 ^ - K A y i7 it 

-^y (x.)(K>\y^)\'-^m\t^f. 

g|i2 7tx;^if So^li(««ii{?g^a5 2 raiMfifi^x 

fll^5B1ig|5 2 2 t1S»«|-rSo -73, 3M^<l^x(t)*< 
gB8 lay-f >'G^ji^{im^x (OlcJSCTSiJfflL, G 

^•3, m»e(t)±i^±^<i3:^xi.. m.-^icmmM&m 

8 l.»iy (t)' =G • y (t)(G> l)0«^*ffl:t)Lv M 

[0 0 8 4] m6mmmit'>>i'fv=^^ vTommmm 

m^^m^^xmm-r^mmmm'Dm&mx'&>}. 043 
6 m^micm 2 4 iDv;L'g^4^-\' u rm^^mm i^tc 
mx% m-mmcitm-^^^iiiLXi,^^. 1^44^43 
v^T, -r-r i'iS'^i'C^s-ame-^xi (t)~x4 (t)ic^-v y 
Tmmi^^^xm^i^v'-< i^^fvmmwLiyy y-mm^m 

f:-rsiii©jgjss^ma5 9 6, t(nB#^}fii!(->7 h# 

^^DAS^ggg 2i~9 2*X'7i-u-!/mmc^^LX 

m2(ommm^m^9 sti^mifi^nxi^^^o mmm^^ 

icm-^i^xmmm^ e ^fg^ d A^^^gi e 2 tiisis 
^m^^Ti-uifmmc^^i.. -a-figgpe 4t±DA^^ 

i: T n S u LT3IM«:>3li 

[008 5] 

ii!b^DA^«i§g© 'J ~ h ^M^^v- J; 5 icmmicmmm 
mmmmvx i^mmm'^-^mic^ji^o ctoa^^. mm 

^si<o:^# ^«:'eofi[+a*jit«pLfc * lE-r a*> e., 
iitciOJtiKjSs, m^mmwmm^^mcx'^. 
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37 



38 



CO 0 8 6] X. *f§WtcJ;n{f. 5^S*2€)mSSfT-ifi 

{Wr S c i: <J: »3 . ffilEfii^ m K L r itJBK % 2. *|JS 

/ ^ <l^£DSi|ii*$iJSp-r S J: -5 1 L fc*-* e, . 7 - K 
[0 0 8 7] ^liH^tcJcntf. Si?a«{i^ 

[0 0 8 8] X. *%a^tci:n{f. m.mm<r>mmm^ 
p., mz>jmi-sih^^wmit>x'f-(z/um\.. ^^^^ 

So 

[0 0 8 9] X, 2t:||HJlcJ;n{f. (1) 53l^{i^lcllffi 
so* (2) #S3fi^ (jSlftft^) tCMMfil^^St^^S 



0 2] *fgB^©MaittB^ElT-fe5o 
0 3] 2^l6BJ<Dm 1 ^ffi^iJ(D«i^ElTfcSo 
0 4] *^B«(Dll25lfiStflJ^D«fiK0T-feS» 
0 5] *:fgB^Oll3^SS^j£O^BE0-(?feSo 
06] *fi|B^com4SlfiSt!*yo1tfi!c0T'fe5o 
0 7] *^B^«DS5*M^JO«fiK0T-feSo 
0 8] *f§WC»^6l|JSPO^fi!c0T-fe5o 

09] v;i/^4^-v'jr^'r:/<D5M{is«tcM?l«SH 

*{>tAPLfcm0T'feSo 

1 0] ^;i/^^A'Ur^-r:/'o3iffi(a^s©#i^0 

1 1] v;l/^:^^-v'J7'^i'y^©Si^f«^S®1#J5Sc0 
B8IISSW T'feSo 

0 1 2] •x';1.^4^+'J7^'l'P'OM*fm^MfiD^gi«0 

1 3] T■ru^•(r>mmm^t.mmm^^^^\.t:m 

014] *f|H^^DiIilMB^0T-fe?.„ 

01 5] 7-raif<Dmmm^tm^m^^-^^hrm. 

1 6] T:>-D^©3i{i{i^t^^<l^:&^^LTM 
1 7] T-:^n^#^«r>3MMM^i;^MM^^-&^LT^ 

> wxfc At)-r ss 4 iisaiMT-fe2.o 

1 8] ^^I/^^^^+UT^f :/<DjSft^StcMffiti^ 
^{>Minbfcm0T?feSo 
019] JS!g|it^^lttB^0T'feSc 
0 2 0] v;!/^^^ U T f :/OS?S«g®©«fig0 

02 1] -^/v^^^^vT^-fi/o^m^mmmo^mf&m 

02 2] ■^;v^=^->!'V7^^zf(ommm&mcoi 
7 mmm) T&So 

0 2 3] >J7'^'ry©3l*«{a^®fl 

:m8*Slfir!|) T'3&So 

0 2 4] ■7;l/^:^^-V'i;T5?-l':/OgiJ(Dj3l^§|@»cM*i 

2 5] mi&WL^^m.mmr'&^c 

2 6] v;l/5^:^^-\''J7'^'f'7''<DSIi(IIS««D«fi!c0 
2 7] v;l/^:^^-vUT5»'i':^OM1'Ha^B©<Sfig0 

:ii 1 ommm) t-^So 
1 ix^m) T'&So 



39 
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40 



(sgi zmmm) t-^So 

[03 0] 7f - hv<c-y i7m^cDm<mmwi&m^m^rc 
im3 3 ] B 1 mmmcom z (o^mmx^h^o 

liffi{a^B0^3^SE<?!lT'feSo 
[03 7] S4^SSMC>±t*:05a5i:7a-'efe^o 

[El 3 8] II 4 ^ss^jcD^ 1 mmx&^o 

[03 9] mAmmmmzm^mmxh^o : 

[114 0] /iffi^^^^P^^^^^sKS^I^T'^^o 
[041] U TiJ^-CyiDaiMgEtC^lcfgQitTD 

[0 4 2] v;l/^:^^U7»;-7'^^1f(D3€&mi5lJTfc 

So 

[04 3] y^-h^^'^y^m^commpmmm^m^rz 

14 4] v;L/^4^-vU7^-^:/©iMflSPO<t^0T' 



10 



20 



[0 4 5] iitJfcosm^golfl^ETfeSo 

[0 4 6] mmmtimmm(onmmmc^^mm}^mm 
[047] mtjtifPi§§^a^^tttKiqS0T&So 

[0 4 8] 'i}i^(Oy'^zy^jv4mmmmmmmm^mx 

[0 4 9] *l«gP^?Datl<f^0T^^So 

[050] 3gjSLMS7';l/=f U Xi^tc J: s^?l«i!iSgiB^ 

0TSSo 

[05 1] x(t)=I(t)+j Q(t)^?I^aiiL/c:JM<i^ 

[05 2] t^f5feO^*f{aSSORgH^lttH^0Tfe:5o 
[l?^OlttB^] 
2 1 
2 2 
2 3 
2 4 
2 5 
2 6 
2 7 
2 8 

2 9 

3 0 
3 1 



yU7='>f X h— '>3 



[01] 



[02] 



K(t) 



31 



23 
J. 



lx<t)P 



IIE0 —30 



E*i*^ 28^ 

^f— ^ 



24 



21 



DAC 



n 



U f(p) ^^^^ 



26 
ADC 




x(t)hn(p) i^LML 

X (I) Li (p) 

T 

EOR 
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(23) 
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mil 




[08] 




[01 0] 

[09] 
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[Ell 1] CEIl 2] 




x(t) 



1^ 1 3] 



39 63 64 2A 
^ ^ Main "gnal, ^^,^ ^ 



35- 



&ror Bignal 
61 ^2 

itth ^V.jC> i H DAci 



|h (p) ma x|^32. 




ettffl h (P) 



29-: 




25 



m 1 4] 




[El 1 9] 




(25) 
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1 5] 



1 6] 



x(t) 



39 6^3 64 21 



35 



Error agnal 



61 

J 62 




29g 59 



268 



'22 



^(0 





K(t) 



1 7] 



Error signal 



61 



61b 
6U 



31 



32. 



S«ltt€ltt 




-22 



-28 



II 8] 
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[020] [021] 




[02 2] 

[02 3] 
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(a) 



A A 



[02 5] 



AA 



(b) 



A A 



A A 



fO 





e 








o' 










c*» 








1 




rsj 


\ 

ro 


lO 


ro 




e 












. 


ro 
at 


ro 
ro 
SI 


CO 

\ 

fO 
St 


ro 
at 














1^104 



«istts«-«ia«r««>i 



YES 
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ra26] [1127] 




imz 8] 




[EI2 9] 




(29) 
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13 1] 



ims 2] 



(a) 



(b) 



^23 

f5»>7=^x 1 24 



x(t)- 



ffiffi(or«^) 




fi4a(ortt:^) 



31 



i — ><|) — - WPfeT — »p» 



ixcor 



-22 



J. 



:27' 



27b 



|26 



^25 
y(t) 




13 4] 



(c) 



;nftf(x) 




x(t)- 



r^<^^V^3 24 21 

f^^ """ i "'^^^ » : »[DACt^ ►til* 
✓ rr=r=^ < i , 



— 



27' 27b 



"T" 

82 



27 



rr — ^ 81b 



[13 3 3] 



—25 



y(t) 



ADch-se 



61 



x(0- 



31 



[3v?75r''"V23 



27ble(lf 



y(t):] 



81e rSId 




sMSffift: cje! 81a iQ 



h25 
y(t) 



h81 



[1113 5] 



xCO- 



31 



ixcor 



23 



Ettas 



24 21 



82 



I 27' 
!27b: 



e(t) -J 



^27- 



—25 



yd) 



ADCh-26 



h-81 



1 



(30) 



2001-251148 



ms 6] 




[03 8] 





(31) 



20 0 1- 251 148 



[1^3 9] 



m4 21 




— > 



s 



oo 



oX 



CO 



<J>1 



lilt 
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